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Abstract	  	   As	  the	  population	  and	  economies	  of	  Sub-­‐Saharan	  Africa	  continue	  to	  grow,	  the	  demand	  for	  modern	  energy	  will	  correspondingly	  increase.	  The	  current	  energy	  policy	  and	  limited	  overall	  access	  rate	  is	  not	  prepared	  for	  this	  massive	  demand	  increase	  and	  presents	  a	  major	  hindrance	  to	  country	  growth	  potential.	  This	  thesis	  focuses	  on	  three	  countries	  in	  East	  Africa	  (Kenya,	  Tanzania,	  Ethiopia)	  and	  compares	  their	  current	  energy	  policies	  and	  renewable	  energy	  potential	  within	  a	  historical	  context	  of	  the	  United	  States	  rural	  electrification	  of	  the	  1930s.	  It	  is	  clear	  that	  some	  progress	  has	  been	  made	  in	  plans	  to	  address	  the	  energy	  access	  concerns	  but	  there	  is	  still	  some	  delay	  in	  diversifying	  the	  energy	  mix	  with	  renewable	  sources	  and	  advancing	  the	  use	  of	  mini-­‐grids.	  The	  use	  of	  mini-­‐grids	  will	  provide	  a	  sustainable	  solution	  to	  the	  energy	  crisis	  by	  increasing	  electricity	  reliability	  and	  providing	  power	  to	  areas	  too	  remote	  for	  grid	  connection.	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Chapter	  1	  -­‐	  Introduction	  	   Access	  to	  modern	  energy	  has	  been	  a	  key	  factor	  in	  enhancing	  development	  and	  prosperity	  by	  enabling	  services	  such	  as	  lighting,	  heating,	  transport,	  communication,	  and	  mechanical	  power.	  Improving	  access	  to	  these	  services	  in	  the	  rural	  areas	  of	  developing	  countries	  remains	  a	  major	  challenge	  and	  a	  difficult	  obstacle	  to	  overcome.	  The	  success	  of	  rural	  electrification	  programs	  has	  thus	  far	  been	  limited,	  as	  more	  than	  1.5	  billion	  people	  worldwide	  remain	  without	  access	  to	  electricity.	  In	  particular,	  Sub-­‐Saharan	  Africa	  has	  more	  people	  living	  without	  access	  to	  electricity	  than	  any	  other	  region	  with	  620	  million	  people,	  nearly	  half	  the	  global	  total,	  lacking	  access.1	  Many	  countries	  have	  pursued	  ambitious	  and	  difficult	  grid	  connection	  programs	  utilizing	  the	  dominant	  approach	  to	  electrification	  -­‐	  centralized	  power	  generation.	  This	  scheme	  of	  rural	  electrification	  through	  grid	  extension	  had	  proved	  to	  be	  successful	  in	  the	  United	  States	  in	  the	  1930s	  and	  beyond.	  The	  precedent	  of	  the	  United	  States	  and	  subsequent	  economic	  growth	  seemed	  to	  indicate	  this	  strategy	  could	  be	  replicated	  in	  the	  majority	  of	  rural	  areas	  even	  today.	  This	  thesis	  will	  seek	  to	  demonstrate	  that	  although	  this	  method	  of	  electrification	  was	  successful	  in	  the	  United	  States,	  it	  is	  no	  longer	  an	  ideal	  strategy	  for	  Sub-­‐Saharan	  Africa	  due	  to	  geographical	  constraints,	  a	  dispersed	  population,	  low	  purchasing	  power	  and	  a	  limited	  potential	  for	  load	  growth.2	  The	  focus	  will	  be	  placed	  on	  the	  high	  growth	  economies	  of	  East	  Africa	  –	  Ethiopia,	  Kenya,	  and	  Tanzania	  –	  that	  all	  have	  national	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  International	  Energy	  Agency.	  “Africa	  Energy	  Outlook:	  A	  Focus	  on	  Energy	  Prospects	  in	  Sub-­‐Saharan	  Africa.”	  IEA	  World	  Energy	  Outlook	  (2014):	  1-­‐242.	  Web	  2	  Load	  growth	  refers	  to	  an	  increase	  in	  energy	  demand,	  either	  through	  natural	  growth	  of	  a	  service	  territory	  resulting	  from	  increased	  prosperity,	  productivity	  or	  population	  growth	  or	  through	  stimulation	  of	  the	  energy	  market.	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policies	  for	  rural	  electrification,	  significant	  renewable	  resource	  potential,	  and	  limited	  rural	  electricity	  access.	  I	  will	  argue	  that	  the	  rural	  electrification	  schemes	  utilizing	  the	  centralized	  grid	  extension	  model	  do	  not	  supply	  adequate	  sources	  of	  energy	  to	  the	  people	  and	  are	  no	  longer	  appropriate.	  	  	   The	  shortage	  of	  essential	  electricity	  infrastructure	  in	  East	  Africa	  is	  undermining	  efforts	  to	  achieve	  more	  rapid	  social	  and	  economic	  growth.	  The	  problem	  of	  inadequate	  electricity	  supply	  is	  multifaceted	  and	  includes	  a	  lack	  of	  generating	  capacity	  as	  well	  as	  limited	  transmission	  and	  distribution	  infrastructure.	  The	  electricity	  sector	  in	  this	  region	  is	  sub-­‐par	  with	  electrification	  rates	  totaling	  23%	  of	  total	  population	  in	  Ethiopia,	  23%	  in	  Kenya,	  and	  14%	  in	  Tanzania	  (World	  Bank	  Data).	  The	  rural	  electrification	  rate	  is	  significantly	  less	  with	  5%	  in	  Ethiopia	  (despite	  83%	  of	  total	  population	  residing	  in	  rural	  areas),	  5%	  in	  Kenya,	  and	  3%	  in	  Tanzania.	  	  The	  graph	  in	  Figure	  1,	  presented	  by	  the	  Global	  Renewable	  Energy	  Policy	  Network	  REN21,	  demonstrates	  how	  Africa’s	  rate	  of	  electrification	  is	  not	  currently	  keeping	  pace	  with	  its	  population	  growth.	  Those	  that	  are	  fortunate	  enough	  to	  have	  electricity	  access	  often	  face	  high	  prices	  for	  supply	  that	  is	  of	  poor	  quality	  and	  unreliable.	  	  An	  unreliable	  supply	  necessitates	  the	  widespread	  and	  costly	  private	  use	  of	  back-­‐up	  generators	  running	  on	  diesel	  or	  gasoline.	  The	  use	  of	  such	  power	  generation	  increases	  overall	  costs	  (across	  businesses	  and	  households)	  with	  the	  International	  Energy	  Agency	  estimating	  the	  cost	  of	  fuel	  for	  back-­‐up	  generation	  in	  Sub-­‐Saharan	  Africa	  to	  be	  at	  least	  $5	  billion.3	  Businesses	  in	  Sub-­‐Saharan	  Africa	  frequently	  cite	  the	  inadequate	  electricity	  supply	  as	  a	  major	  constraint	  on	  their	  effective	  operation.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3	  International	  Energy	  Agency.	  “Africa	  Energy	  Outlook:	  A	  Focus	  on	  Energy	  Prospects	  in	  Sub-­‐Saharan	  Africa.”	  IEA	  World	  Energy	  Outlook	  (2014):	  1-­‐242.	  Web	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Huge	  gains	  across	  the	  economy	  could	  be	  established	  with	  the	  effective	  development	  of	  Africa’s	  energy	  resources	  and	  improvements	  in	  the	  electricity	  infrastructure.	  	  	  	  
	  	  
Figure 1. Share of Population with Electricity Access, and rate of Electrification vs. 
Population growth.4 Without	  access	  to	  energy	  to	  cook,	  heat	  and	  light	  the	  home,	  earn	  a	  living	  and	  fully	  benefit	  from	  health,	  education	  and	  cultural	  opportunities,	  whole	  communities	  are	  forced	  to	  live	  on	  the	  margins	  of	  society.	  Adequate	  access	  to	  energy	  improves	  the	  quality	  of	  life	  not	  only	  on	  the	  household	  level	  but	  also	  enhances	  existing	  community	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  4	  Renewable	  Energy	  Policy	  Network	  for	  the	  21st	  Century.	  “Renewables	  2014	  Global	  Status	  Report.”	  REN21.	  2014.	  March	  3,	  2015	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services.	  Services	  greatly	  hindered	  by	  unreliable	  or	  non-­‐existent	  electricity	  services	  include:	  -­‐ Health	  Care	  Services:	  Hospitals,	  Clinics	  and	  Health	  Posts	  -­‐ Education	  Services:	  Schools,	  Universities,	  and	  Training	  Centers	  -­‐ Public	  Institutions:	  Government	  Offices,	  Police	  Stations,	  Religious	  Buildings	  -­‐ Infrastructure	  Services:	  Water	  Pumping	  and	  Street	  lighting	  	   A	  critical	  component	  of	  an	  effective	  health-­‐care	  facility	  is	  access	  to	  energy.	  Electricity	  for	  lighting	  and	  refrigeration	  is	  essential	  to	  provide	  clinic	  services	  in	  the	  evening,	  to	  properly	  store	  vaccines	  and	  medications,	  and	  to	  power	  lab	  and	  diagnostic	  medical	  equipment.5	  Facilities	  without	  electric	  lighting	  have	  to	  depend	  on	  paraffin	  lamps	  that	  provide	  low-­‐quality	  light,	  give	  off	  harmful	  fumes	  and	  present	  a	  fire	  hazard.	  For	  critical	  and	  urgent	  health	  services,	  medical	  staffs	  have	  no	  option	  but	  to	  cope	  as	  well	  as	  possible	  in	  low	  lighting	  or	  in	  the	  dark,	  increasing	  the	  risk	  for	  all	  patients.6	  A	  quality	  education	  is	  proven	  to	  play	  a	  crucial	  role	  in	  increasing	  incomes	  and	  economic	  activity,	  improving	  health,	  social	  development	  and	  enhancing	  overall	  wellbeing.	  Energy	  access	  improves	  children’s	  experience	  in	  school	  and	  is	  considered	  to	  be	  the	  foundation	  of	  future	  earning	  potential.	  Electric	  lighting	  allows	  for	  schools	  to	  operate	  outside	  daylight	  hours,	  extending	  the	  working	  hours	  for	  students,	  adults	  and	  teachers.	  	  For	  schools	  with	  too	  many	  pupils	  and	  limited	  resources,	  the	  longer	  classroom	  hours	  can	  allow	  additional	  classes	  to	  accommodate	  more	  students	  and	  reduce	  class	  sizes.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  5	  Poor	  People’s	  Energy	  Outlook	  2013	  –	  Energy	  for	  Community	  Services”.	  Practical	  
Action.	  Practical	  Action.	  2013.	  February	  2,	  2015,	  p.	  20	  6	  Ibid,	  p.21	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   Despite	  the	  fact	  that	  the	  continent	  of	  Africa	  has	  energy	  sources	  more	  than	  sufficient	  to	  meet	  domestic	  needs,	  more	  than	  two-­‐thirds	  of	  its	  population	  does	  not	  have	  access	  to	  modern	  energy.7	  The	  effective	  development	  of	  Africa’s	  energy	  resources	  and	  a	  more	  strategic	  and	  diversified	  rural	  electrification	  strategy	  could	  unlock	  huge	  gains	  across	  the	  economy.	  Modern	  renewable	  energy	  sources	  (hydro,	  solar,	  wind,	  and	  geothermal),	  although	  having	  an	  abundant	  potential	  throughout	  Africa,	  account	  for	  less	  than	  2%	  of	  the	  Sub-­‐Saharan	  energy	  mix.	  	  Even	  with	  a	  poor	  electricity	  supply,	  these	  three	  countries	  have	  achieved	  a	  GDP	  growth	  of	  nearly	  6%	  on	  average.	  Agriculture	  as	  a	  large	  sector	  of	  the	  GDPs	  in	  these	  economies,	  and	  accounting	  for	  around	  65%	  of	  employment,	  remains	  largely	  un-­‐modernized.	  	  REEEP	  policy	  database	  provides	  more	  detailed	  data	  focusing	  on	  state	  specific	  energy	  mixes,	  policies	  enacted,	  and	  renewable	  energy	  potentials.8	  Ethiopia	  has	  a	  considerable	  energy	  endowment,	  with	  an	  abundant	  hydropower	  potential,	  solar	  and	  geothermal,	  as	  well	  as	  fossil	  fuels.	  Concerning	  electricity	  generation,	  renewable	  energy	  has	  focused	  on	  large	  hydropower.	  Much	  of	  the	  small	  hydropower,	  solar	  and	  wind	  potential	  has	  yet	  to	  be	  developed.	  The	  current	  energy	  mix	  greatly	  increases	  vulnerability	  to	  climate	  change	  and	  the	  poorest	  segment	  of	  the	  population	  becomes	  the	  most	  vulnerable.9	  Similar	  to	  Ethiopia,	  Kenya	  is	  highly	  dependent	  on	  hydropower	  with	  50%	  of	  electricity	  production	  coming	  from	  this	  source.	  The	  existing	  capacity	  is	  barely	  able	  to	  keep	  up	  with	  demand	  and	  the	  situation	  becomes	  more	  difficult	  during	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  7	  International	  Energy	  Agency.	  “Africa	  Energy	  Outlook:	  A	  Focus	  on	  Energy	  Prospects	  in	  Sub-­‐Saharan	  Africa.”	  IEA	  World	  Energy	  Outlook	  (2014):	  1-­‐242.	  Web	  8	  REEEP	  –	  Renewable	  Energy	  and	  Energy	  Efficiency	  Partnership	  9	  “Energy	  Profile:	  Ethiopia.”	  Reegle.	  REEEP	  Policy	  Database.	  Web.	  15	  Dec.	  2014	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the	  summer	  months	  when	  water	  levels	  are	  low.	  These	  capacity	  gaps	  are	  then	  compensated	  by	  expensive	  thermal	  generation	  based	  on	  fossil	  fuels	  mostly	  imported	  from	  foreign	  sources.	  The	  high	  cost	  puts	  a	  hindrance	  on	  economic	  growth	  and	  accounts	  for	  approximately	  25%	  of	  the	  national	  import	  bill.10	  Tanzania,	  the	  least	  developed	  of	  the	  three,	  has	  biomass	  fuel	  accounting	  for	  more	  than	  90%	  of	  total	  energy	  consumption.	  The	  remaining	  energy	  sources	  are	  fossil	  fuels	  (6.6%),	  natural	  gas	  (1.5%),	  hydro	  (0.6%),	  and	  coal	  and	  peat	  (0.2%).	  Hydroelectricity	  is	  the	  most	  important	  indigenous	  source	  of	  commercial	  energy	  but	  currently	  has	  only	  15%	  of	  the	  potential	  installed	  capacity	  developed.	  	  To	  meet	  growing	  demands,	  Tanzania	  has	  had	  to	  import	  a	  growing	  share	  of	  electricity	  from	  Zambia	  and	  Uganda.	  However,	  its	  domestic	  electricity	  supply	  is	  still	  vulnerable	  as	  delivery	  from	  these	  partners	  has	  been	  inconsistent	  and	  the	  country	  thus	  continues	  to	  suffer	  from	  frequent	  power	  outages.11	  	  The	  purpose	  of	  this	  research	  is	  to	  demonstrate	  that	  centralized	  grid	  extension	  is	  not	  effective.	  This	  dominant	  approach	  to	  rural	  electrification	  has	  failed.	  Evidence	  will	  be	  collected	  from	  three	  countries	  in	  East	  Africa	  as	  case	  studies	  including	  Ethiopia,	  Kenya,	  and	  Tanzania.	  These	  countries	  are	  all	  high	  growth	  economies	  -­‐-­‐	  defined	  as	  having	  a	  GDP	  growth	  of	  5%	  or	  more	  –	  with	  a	  majority	  of	  the	  population	  lacking	  access	  to	  electricity	  and	  possessing	  a	  large	  potential	  for	  domestic	  renewable	  energy	  sources.	  They	  each	  have	  a	  government	  program	  created	  to	  increase	  the	  electrification	  rate	  in	  their	  respective	  countries.	  The	  grid	  extension	  programs	  will	  be	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  10	  “Energy	  Profile:	  Kenya.”	  Reegle.	  REEEP	  Policy	  Database.	  Web.	  15	  Dec.	  2014	  11	  “Energy	  Profile:	  Tanzania.”	  Reegle.	  REEEP	  Policy	  Database.	  Web.	  15	  Dec.	  2014	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compared	  in	  a	  historical	  context	  to	  the	  United	  States	  rural	  electrification	  programs	  of	  the	  early	  20th	  century.	  	  This	  thesis	  will	  seek	  to	  demonstrate	  that	  although	  this	  method	  of	  electrification	  was	  successful	  in	  the	  United	  States,	  it	  is	  no	  longer	  an	  ideal	  strategy	  for	  Sub-­‐Saharan	  Africa	  due	  to	  geographical	  constraints,	  a	  dispersed	  population,	  low	  purchasing	  power	  and	  a	  limited	  potential	  for	  load	  growth.	  In	  order	  to	  measure	  the	  success	  of	  grid	  extension	  programs	  compared	  to	  the	  proposed	  mini-­‐grid	  alternative,	  several	  factors	  will	  be	  analyzed.	  First	  an	  analysis	  of	  current	  government	  policies	  will	  reveal	  if	  there	  is	  a	  focus	  on	  diversifying	  energy	  sources	  and	  promoting	  mini-­‐grid	  systems.	  The	  policies	  will	  be	  compared	  to	  one	  another	  to	  see	  which	  country	  has	  had	  the	  highest	  electrification	  growth	  rate	  and	  if	  there	  is	  a	  relationship	  based	  on	  changing	  policy	  to	  incorporate	  renewable	  energy	  sources.	  The	  costs	  of	  electricity	  via	  grid	  extension	  compared	  to	  mini-­‐grid	  systems	  will	  be	  analyzed.	  A	  cost-­‐benefit	  analysis	  will	  be	  undertaken	  to	  see	  which	  system	  is	  more	  successful	  at	  enhancing	  electrification	  rates	  (%	  of	  households	  with	  access	  to	  electricity),	  is	  more	  affordable	  to	  the	  communities	  (lower	  connection	  and	  operating	  costs),	  and	  has	  less	  of	  an	  impact	  on	  the	  local	  environment	  (less	  CO2	  released).	  It	  will	  also	  be	  important	  to	  note	  which	  system	  has	  less	  frequent	  blackouts	  demonstrating	  reliability.	  This	  will	  be	  measured	  by	  looking	  at	  each	  country’s	  monthly	  blackout	  rates	  while	  cross-­‐referencing	  the	  extent	  to	  which	  they	  utilize	  renewable	  sources	  in	  the	  national	  energy	  mix.	  I	  argue	  that	  the	  mini-­‐grid	  systems	  will	  be	  more	  efficient,	  reliable,	  and	  affordable.	  Thus	  should	  be	  placed	  at	  the	  forefront	  of	  national	  rural	  electrification	  plans.	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A	  re-­‐evaluation	  of	  rural	  electrification	  plans	  and	  the	  development	  of	  renewable	  energy	  resources	  is	  of	  the	  utmost	  importance	  for	  a	  sustainable	  future	  in	  Sub-­‐Saharan	  Africa.	  The	  rapid	  population	  growth	  of	  the	  region,	  having	  increased	  by	  270	  million	  people	  since	  2000	  to	  around	  940	  million	  in	  2013,	  will	  have	  major	  implications	  for	  the	  development	  of	  the	  energy	  sector.	  The	  population	  is	  estimated	  to	  surpass	  one	  billion	  by	  2020,	  which	  brings	  new	  opportunities,	  such	  as	  a	  rising	  working–age	  population,	  but	  also	  magnifies	  existing	  challenges,	  such	  as	  achieving	  modern	  energy	  access.12	  To	  increase	  the	  wellbeing	  of	  people	  and	  promote	  industrial	  and	  other	  forms	  of	  development	  there	  is	  a	  need	  to	  meet	  the	  increasing	  demand	  for	  reliable	  and	  affordable	  energy	  supplies.	  Present	  consumption	  relies	  heavily	  on	  primary	  energy	  sources	  that	  pollute	  the	  environment	  and	  are	  inefficient.	  The	  rapid	  population	  growth,	  increased	  urbanization,	  and	  economic	  growth	  have	  placed	  great	  strain	  on	  the	  domestic	  energy	  sector.	  This	  research	  will	  focus	  on	  how	  Sub-­‐Saharan	  Africa	  can	  address	  this	  key	  development	  issue	  by	  integrating	  sustainable	  development	  dimensions	  into	  national	  development	  programs.	  	  I	  will	  seek	  to	  answer	  the	  following	  questions:	  	  -­‐ Do	  the	  high	  growth	  economies	  of	  East	  Africa	  need	  to	  follow	  the	  same	  path	  of	  energy	  development	  as	  the	  United	  States?	  	  -­‐ Is	  grid-­‐extension	  the	  appropriate	  technical	  solution	  to	  increasing	  electricity	  access?	  	  -­‐ Do	  mini-­‐grid	  and	  hybrid	  systems	  provide	  a	  more	  affordable	  and	  reliable	  source	  of	  electricity?	  -­‐ What	  are	  the	  direct	  benefits	  of	  Rural	  Electrification	  programs?	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  12	  International	  Energy	  Agency.	  “Africa	  Energy	  Outlook:	  A	  Focus	  on	  Energy	  Prospects	  in	  Sub-­‐Saharan	  Africa.”	  IEA	  World	  Energy	  Outlook	  (2014):	  1-­‐242.	  Web	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-­‐ What	  current	  strategies	  are	  utilized	  in	  East	  Africa	  to	  enhance	  the	  use	  of	  renewable	  energy	  sources	  into	  the	  national	  energy	  mix?	  	  -­‐ What	  policy	  changes	  can	  be	  made	  to	  further	  foster	  the	  development	  of	  renewable	  energy	  resources?	  	  During	  the	  course	  of	  research	  a	  wide	  variety	  of	  sources	  will	  be	  utilized	  including	  books,	  scholarly	  journals,	  and	  World	  Bank	  data.	  In	  addition	  several	  interviews	  will	  be	  conducted	  with	  key	  individuals	  from	  companies	  that	  are	  working	  within	  the	  rural	  electrification	  field.	  The	  first	  will	  be	  an	  interview	  with	  Zelda	  Weitz,	  the	  Chief	  Operations	  Officer	  of	  Symbion	  Power.	  Symbion	  is	  an	  international	  power	  developer	  that	  takes	  a	  unique	  approach	  to	  delivering	  electrical	  infrastructure	  projects.	  As	  a	  leader	  of	  the	  U.S	  Government’s	  Power	  Africa	  Initiative,	  Symbion	  continues	  to	  expand	  electricity	  access	  across	  sub-­‐Saharan	  Africa,	  contributing	  to	  economic	  growth	  and	  development.	  Symbion	  is	  currently	  constructing	  over	  1400km	  of	  distribution	  lines	  and	  26	  substations	  across	  Tanzania	  for	  the	  Millennium	  Challenge	  Corporation,	  an	  independent	  U.S	  foreign	  aid	  agency	  working	  to	  reduce	  global	  poverty.	  An	  interview	  with	  a	  Symbion	  Executive	  will	  provide	  a	  unique	  insight	  into	  the	  challenges	  facing	  grid	  extension	  and	  how	  the	  company	  strives	  to	  overcome	  these.	  	  	   A	  second	  interview	  will	  be	  conducted	  with	  a	  Grace	  Mukasa,	  East	  Africa	  regional	  director	  at	  Practical	  Action.	  Practical	  Action	  is	  an	  international	  NGO	  that	  uses	  technology	  to	  challenge	  poverty	  in	  developing	  countries.	  Through	  technology	  they	  enable	  poor	  communities	  to	  build	  on	  their	  skills	  and	  knowledge	  to	  produce	  sustainable	  and	  practical	  solutions.	  Practical	  Action	  promotes	  small-­‐scale	  hydro	  schemes	  that	  generate	  up	  to	  500	  kilowatts	  of	  power.	  They	  have	  successfully	  developed	  these	  systems	  in	  Kenya.	  The	  micro-­‐hydro	  station,	  which	  converts	  the	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energy	  of	  flowing	  water	  into	  electricity,	  provides	  poor	  communities	  in	  rural	  areas	  with	  an	  affordable,	  easy	  to	  maintain	  and	  long-­‐term	  solution	  to	  their	  energy	  needs.	  Other	  Practical	  Action	  projects	  of	  focus	  for	  the	  interview	  will	  be	  the	  use	  of	  solar	  power,	  small-­‐scale	  wind	  power,	  and	  the	  “Renewable	  Energy	  Village”	  concept.	  	  	   A	  third	  interview	  will	  be	  conducted	  with	  Yoseph	  Shegaw,	  Directing	  manager	  of	  Shegaw	  engineering	  PLC,	  an	  Ethiopian	  Electrical	  Engineering	  firm.	  Shegaw	  Engineering	  operates	  in	  the	  field	  of	  electro-­‐mechanical	  design,	  supply	  and	  installation	  including	  renewable	  energy	  systems.	  Shegaw	  has	  completed	  projects	  with	  the	  United	  Nations	  Economic	  Commission	  for	  Africa	  (UNECA),	  the	  electrical	  plan	  for	  USAID/Ethiopia,	  and	  electrical	  design	  for	  the	  Amhara	  National	  Regional	  State	  Convention	  Center.	  This	  interview	  will	  provide	  a	  unique	  perspective	  on	  the	  Ethiopian	  power	  sector	  (both	  through	  renewable	  and	  traditional	  grid	  extension),	  how	  international	  organizations	  are	  addressing	  the	  energy	  needs,	  and	  the	  benefits	  of	  public-­‐private	  partnerships	  to	  expand	  energy	  access.	  	   Despite	  the	  successful	  implementation	  of	  rural	  electrification	  in	  the	  United	  States,	  this	  paper	  will	  demonstrate	  that	  this	  model	  example	  is	  no	  longer	  applicable	  to	  remedy	  the	  current	  energy	  crises	  in	  East	  Africa.	  Various	  factors,	  from	  more	  remote	  villages	  to	  considering	  the	  impacts	  of	  climate	  change,	  indicate	  that	  a	  greater	  focus	  should	  be	  placed	  on	  small	  off-­‐grid	  systems	  (mini-­‐grids).	  The	  classical	  model	  of	  centralized	  grid	  extension	  can’t	  be	  sufficiently	  replicated	  in	  East	  Africa	  due	  to	  an	  overwhelming	  increase	  in	  energy	  demand	  (primarily	  in	  urban	  areas)	  and	  rapid	  population	  growth.	  Mini-­‐grid	  systems	  arranged	  in	  a	  cooperative	  system	  could	  both	  provide	  power	  to	  areas	  too	  remote	  for	  the	  grid	  and	  contribute	  to	  economic	  growth.	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Chapter	  2	  -­‐	  Literature	  Review	  A	  source	  of	  inspiration	  for	  undertaking	  this	  research	  is	  a	  research	  article	  entitled,	  “Rural	  Electrification	  Now	  and	  Then:	  Comparing	  Contemporary	  Challenges	  in	  Developing	  Countries	  to	  the	  USA’s	  Experience	  in	  retrospect.”	  Lorenzo	  Pellegrini,	  a	  lecturer	  in	  development	  economics	  at	  Erasmus	  University	  Rotterdam,	  explores	  the	  challenges	  facing	  developing	  countries	  in	  rural	  electrification	  while	  presenting	  historical	  evidence	  from	  the	  United	  States.	  The	  article	  describes	  the	  U.S	  rural	  electrification	  as	  a	  long	  and	  complex	  transition	  and	  while	  it	  is	  useful	  for	  shedding	  light	  to	  the	  challenges	  of	  electrification,	  it	  fails	  to	  address	  the	  more	  fundamental	  questions	  related	  to	  barriers	  and	  ways	  to	  overcome	  them.	  The	  author	  specifically	  indicated	  that	  the	  purpose	  of	  this	  research	  paper	  was	  to	  utilize	  the	  historical	  experiences	  related	  to	  the	  electrification	  processes	  to	  provide	  useful	  insights	  to	  the	  many	  challenges	  currently	  experienced	  by	  developing	  countries.13	  Continued	  research	  was	  needed	  to	  develop	  potential	  solutions	  in	  overcoming	  these	  obstacles.	  After	  reviewing	  the	  historical	  aspects	  of	  electrification	  in	  the	  United	  States	  the	  next	  topic	  of	  research	  included	  analyzing	  data	  of	  electrification	  rates	  in	  the	  target	  countries	  (Ethiopia,	  Kenya,	  Tanzania),	  the	  type	  of	  resources	  readily	  available	  or	  potentially	  available	  in	  these	  states,	  and	  the	  current	  government	  policies	  addressing	  the	  issue.	  To	  obtain	  this	  data	  several	  sources	  were	  utilized	  including	  the	  International	  Energy	  Agency	  (IEA)	  2014	  Africa	  Energy	  Outlook	  Report,	  the	  Renewable	  Energy	  and	  Energy	  Efficiency	  Partnership	  (REEEP)	  policy	  database,	  the	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  Pellegrini,	  Lorenzo	  and	  Luca	  Tasciotti.	  “Rural	  Electrification	  Now	  and	  Then:	  Comparing	  Contemporary	  Challenges	  in	  Developing	  Countries	  to	  the	  USA’s	  Experience	  in	  Retrospect.”	  Forum	  for	  Development	  Studies	  (2012):	  1-­‐24.	  Web	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UN	  Economic	  Commission	  for	  Africa’s	  Sustainable	  Development	  Report,	  the	  United	  Nations	  Environment	  Programme	  policy	  brief	  on	  achieving	  energy	  security	  in	  developing	  countries,	  and	  the	  World	  Bank	  Report	  on	  the	  Welfare	  Impact	  of	  Rural	  Electrification.	  The	  data	  presents	  a	  dark	  picture	  of	  the	  electricity	  sector	  in	  this	  region	  with	  electrification	  rates	  totaling	  23%	  of	  total	  population	  in	  Ethiopia,	  23%	  in	  Kenya,	  and	  14%	  in	  Tanzania	  (World	  Bank	  Data).	  The	  rural	  electrification	  rate	  is	  significantly	  less	  with	  5%	  in	  Ethiopia	  (despite	  83%	  of	  total	  population	  residing	  in	  rural	  areas),	  5%	  in	  Kenya,	  and	  3%	  in	  Tanzania.	  	  After	  compiling	  data	  on	  the	  energy	  sources	  available	  in	  the	  region,	  the	  next	  area	  of	  focus	  is	  to	  determine	  the	  best	  energy	  policy	  for	  these	  states	  to	  maximize	  resource	  potential	  and	  how	  they	  can	  adequately	  expand	  electrification	  to	  ensure	  reliable	  access.	  The	  research	  will	  first	  focus	  on	  the	  potential	  growth	  of	  mini-­‐grid	  systems	  with	  a	  diverse	  energy	  mix	  utilizing	  the	  renewable	  resources	  available.	  	  The	  focus	  will	  then	  be	  placed	  upon	  policies	  that	  can	  be	  enacted	  to	  contribute	  to	  the	  growth	  of	  these	  types	  of	  systems.	  The	  first	  source	  concerning	  mini-­‐grids	  is	  a	  policy	  brief	  from	  the	  Global	  Village	  Energy	  Project	  (GVEP)	  entitled	  “The	  History	  of	  Mini	  Grid	  Development	  in	  developing	  countries.”	  A	  mini-­‐grid	  is	  defined	  as	  a	  power	  source	  of	  less	  than	  3MW	  (diesel,	  hydro,	  biomass,	  hybrid)	  supplying	  a	  local	  distribution	  grid	  connected	  to	  domestic,	  business	  and	  institutional	  customers	  in	  the	  locality.14	  The	  generation	  technologies	  for	  mini-­‐grids	  have	  become	  cheaper	  (including	  dramatic	  cost	  reductions	  for	  some	  renewable	  technologies)	  and	  have	  increased	  in	  reliability,	  resulting	  in	  lower	  capital,	  operation,	  management	  and	  maintenance	  costs.	  The	  brief	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  Global	  Village	  Energy	  Partnership.	  “The	  History	  of	  Mini-­‐Grid	  Development	  in	  Developing	  Countries.”	  GVEP	  International	  Policy	  Briefing	  (2011):	  1-­‐9.	  Web	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highlights	  how	  mini-­‐grids	  provide	  potential	  opportunities	  over	  grid-­‐connected	  electrification,	  such	  as	  enhanced	  reliability	  of	  supply,	  lower	  costs	  in	  remote	  locations	  and	  better	  environmental	  performance.	  According	  to	  the	  GVEP,	  the	  successful	  development	  of	  mini-­‐grids	  requires	  a	  favorable	  policy	  environment	  involving	  changes	  to	  national	  laws	  that	  currently	  favor	  grid	  electrification;	  design	  based	  on	  a	  detailed	  analysis	  of	  local	  context	  including	  natural	  resources,	  supply	  chains,	  energy	  demand	  and	  current/future	  energy	  policies;	  need	  to	  be	  linked	  to	  wider	  rural	  development	  strategies	  in	  order	  to	  match	  demand;	  and	  securing	  sustainable	  finance	  to	  cover	  upfront	  costs.	  	  A	  paper	  published	  by	  the	  Stockholm	  Environment	  Institute,	  entitled	  “Mainstreaming	  Sustainable	  Energy	  Access	  into	  National	  Development	  Planning:	  The	  Case	  of	  Ethiopia,”	  highlights	  the	  progress	  Ethiopia	  has	  made	  in	  recent	  years	  in	  expanding	  energy	  access,	  but	  the	  country’s	  experience	  also	  shows	  the	  many	  challenges	  in	  providing	  sustainable	  energy	  for	  all.	  	  Even	  though	  the	  government	  has	  recognized	  the	  importance	  of	  energy	  access	  in	  rural	  areas	  the	  efforts	  to	  enhance	  access	  have	  focused	  primarily	  on	  grid	  extension.	  Off-­‐grid	  options	  have	  been	  slow	  to	  take	  hold	  due	  to	  limited	  funding,	  lack	  of	  private-­‐sector	  engagement,	  and	  a	  lack	  of	  government	  leadership	  and	  institutional	  capacity.15	  	  This	  publication	  provides	  insight	  into	  the	  progress	  the	  Ethiopian	  government	  has	  made	  in	  national	  development	  plans,	  and	  addresses	  the	  fundamental	  policy	  and	  institutional	  gaps	  that	  have	  prevented	  truly	  sustainable	  rural	  energy	  expansion	  programs.	  The	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  Zereay	  Tessama	  et	  al.,	  “Mainstreaming	  Sustainable	  Energy	  Access	  into	  National	  Development	  Planning:	  the	  Case	  of	  Ethiopia.”	  Stockholm	  Environment	  Institute	  
(2013):	  1-­‐30.	  Web	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potential	  benefits	  are	  huge:	  greatly	  improved	  quality	  of	  life	  and	  new	  economic	  opportunities	  in	  rural	  areas,	  a	  large	  infusion	  of	  new	  investments	  and	  new	  sources	  of	  revenue.	  The	  authors	  suggest	  that	  Ethiopia	  can	  become	  a	  model	  for	  the	  new	  “green	  economy”	  in	  Africa	  and	  suggests	  key	  changes	  in	  national	  policy	  that	  can	  contribute	  to	  this	  success.	  	  A	  study	  from	  the	  University	  of	  California	  at	  Berkley,	  entitled	  “Community-­‐Based	  Electric	  Micro-­‐grids	  Can	  Contribute	  to	  Rural	  Development:	  Evidence	  from	  Kenya”	  explores	  the	  relationship	  between	  rural	  electrification	  and	  rural	  development	  in	  the	  context	  of	  a	  village-­‐scale	  community	  based	  electricity	  project	  in	  rural	  Kenya.	  The	  research	  is	  drawn	  from	  the	  experience	  of	  the	  Mpeketoni	  Electricity	  Project,	  a	  community	  based	  diesel	  powered	  micro	  grid	  system	  in	  rural	  Kenya.	  The	  study	  of	  the	  electricity	  project	  allows	  for	  a	  village-­‐level	  exploration	  of	  the	  mechanisms	  through	  which	  access	  to	  rural	  electricity	  can	  contribute	  to	  rural	  development.	  The	  Mpeketoni	  experience	  highlights	  the	  potential	  of	  alternative	  ways	  to	  accelerate	  rural	  electrification	  in	  Kenya	  and	  East	  Africa.	  This	  approach	  involves	  the	  use	  of	  group-­‐based	  micro-­‐grids	  that	  are	  initiated	  and	  managed	  as	  common	  property	  resources.16	  This	  paper	  provides	  an	  example	  from	  East	  Africa	  of	  how	  mini-­‐grid	  systems	  can	  provide	  a	  feasible	  solution	  to	  providing	  electricity	  in	  the	  rural	  areas	  of	  the	  region.	  	  A	  case	  study	  presented	  in	  a	  2005	  issue	  of	  Energy	  Policy,	  provides	  an	  example	  of	  a	  rural	  electrification	  scheme	  involving	  the	  formation	  of	  an	  independent	  electrification	  co-­‐operative	  that	  was	  allowed	  to	  generate	  and	  distribute	  electric	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  Charles	  Kirubi	  et	  al.,	  “Community-­‐Based	  Electric	  Micro-­‐grids	  Can	  Contribute	  to	  Rural	  Development:	  Evidence	  from	  Kenya.”	  World	  Development	  37.7	  (2009):	  1208-­‐1221.	  Web	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power	  and	  set	  their	  own	  tariffs	  in	  Tanzania.	  The	  pilot	  project,	  initiated	  in	  1993	  in	  the	  village	  of	  Urambo,	  was	  to	  be	  the	  first	  case	  of	  co-­‐operative	  management	  of	  electric	  power	  supply	  in	  the	  country.	  The	  main	  purpose	  of	  the	  project	  was	  to	  find	  out	  how	  much	  administrative,	  technical	  and	  financial	  support	  a	  new	  electrification	  co-­‐operative	  would	  need	  in	  order	  to	  survive	  and	  develop	  in	  a	  sustainable	  way.	  
Important issues to be studied were the ability and willingness of people in a rural 
community to pay the actual cost for electrification, the effect of electrification on 
the growth of income generating activities and the benefits to the community in 
general.17 The	  co-­‐operative	  received	  initial	  financial	  support	  for	  rehabilitation	  of	  a	  diesel	  power	  plant.	  In	  addition	  the	  national	  utility,	  Tanzania	  Electric	  Supply	  Company	  Limited	  (TANESCO),	  provided	  technical	  support	  and	  training	  for	  operators	  as	  well	  as	  an	  accountant.	  During 1994–1997, several visits were made to 
Urambo for monitoring the progress of the project. In 2002, a follow-up was made 
for evaluation of the performance of the co-operative. The results showed that 
despite a tariff more than 15 times higher than a nearby town serviced by 
TANESCO, the number of consumers continued to grow over the years. The 
Urambo Co-operative demonstrated that a village in Tanzania could manage its 
own electricity supply system if it is given adequate technical, management and 
financial support. The study provides insight into the potential success of co-
operative electrification schemes and how national governments can promote their 
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development by providing utility companies with the incentives to support these 
initiatives. 	  Another	  source	  from	  Environmental	  Research	  Letters	  analyzes	  the	  cost	  optimal	  conditions	  for	  sustainable	  energy	  development	  applying	  renewable	  energy	  sources.	  The	  research	  article	  by	  Sando	  Szabo,	  entitled	  “Energy	  Solutions	  in	  Rural	  Africa:	  Mapping	  Electrification	  costs	  of	  Distributed	  Solar	  and	  Diesel	  Generation	  Versus	  Grid	  Extension,”	  analyzes	  three	  rural	  electrification	  options	  to	  point	  out	  whether	  diesel	  generators,	  photovoltaic	  systems	  or	  the	  extension	  of	  the	  grid	  is	  the	  least-­‐cost	  option	  in	  off-­‐grid	  areas.	  Through	  a	  combination	  of	  renewable	  energy	  resource	  information,	  geographical	  information,	  current	  fuel	  prices	  and	  travel	  distances,	  Szabo	  determined	  it	  becomes	  possible	  to	  map	  the	  economic	  potential	  of	  different	  technology	  options	  for	  rural	  electrification.	  The	  use	  of	  these	  innovative	  research	  methodologies	  such	  as	  the	  application	  of	  Geographic	  Information	  Systems	  (GIS)	  and	  remote	  sensing	  technologies,	  spatial	  evaluation	  of	  statistical	  and	  economic	  data	  can	  support	  and	  facilitate	  strategic	  energy	  decisions.18	  This	  article	  provides	  a	  detailed	  analysis	  to	  compare	  the	  solar,	  diesel	  and	  grid	  extension	  but	  fails	  to	  include	  hydro	  and	  geothermal	  sources,	  two	  major	  renewable	  energy	  sources	  in	  East	  Africa.	  The	  research	  utilized	  for	  this	  paper	  provides	  a	  detailed	  analysis	  of	  the	  present	  data	  on	  electrification	  rates	  and	  renewable	  energy	  potential	  in	  East	  Africa.	  It	  also	  provides	  several	  case	  studies	  of	  effective	  mini-­‐grid	  systems	  established	  as	  well	  as	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  "Energy	  Solutions	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  Electrification	  Costs	  of	  Distributed	  Solar	  and	  Diesel	  Generation	  versus	  Grid	  Extension.”	  Environmental	  
Research	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  (2011):	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current	  national	  policy	  changes	  and	  their	  present	  progress.	  However	  the	  current	  research	  fails	  to	  compare	  them	  within	  the	  regional	  and	  historical	  contexts.	  My	  research	  will	  provide	  insight	  into	  how	  the	  U.S	  system	  laid	  the	  groundwork	  for	  rural	  electrification	  models	  and	  how	  this	  has	  impacted	  the	  current	  policy	  enacted	  by	  three	  nations	  in	  East	  Africa	  (Kenya,	  Tanzania,	  and	  Ethiopia).	  It	  will	  take	  a	  step	  further	  by	  analyzing	  as	  to	  how	  these	  countries	  national	  energy	  policies	  have	  evolved	  to	  reflect	  their	  renewable	  energy	  resources	  and	  will	  provide	  recommendations	  for	  the	  future.	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Chapter	  3	  -­‐	  Rural	  Electrification	  in	  the	  United	  States	  
	  The	  United	  States,	  as	  the	  first	  country	  that	  completed	  the	  urban	  and	  rural	  electrification	  process,	  seems	  as	  though	  it	  would	  provide	  an	  ideal	  electrification	  model	  to	  be	  replicated	  many	  times	  over.	  However	  the	  process	  was	  not	  easy	  and	  many	  obstacles	  had	  to	  be	  overcome	  before	  the	  widespread	  use	  of	  rural	  electric	  power	  became	  practical.	  Electrification	  in	  the	  United	  States	  did	  not	  spread	  evenly	  nor	  was	  it	  a	  smooth	  and	  spontaneous	  process.	  Factories	  received	  electricity	  towards	  the	  end	  of	  the	  nineteenth	  century	  and	  urban	  businesses	  after	  1910.	  Electricity	  only	  became	  available	  to	  the	  majority	  of	  rural	  households	  and	  farms	  after	  1935.	  The	  spread	  of	  electricity	  at	  the	  time	  was	  strongly	  divided	  with	  nearly	  90%	  of	  urban	  dwellers	  having	  electricity	  by	  the	  1930s	  while	  rural	  regions	  had	  only	  10%	  of	  households	  equipped	  with	  electricity.	  These	  differing	  rates	  between	  urban	  and	  rural	  electricity	  access	  is	  not	  far	  off	  from	  the	  present	  situation	  in	  East	  Africa.	  The	  policy	  response	  of	  the	  U.S	  administration	  was	  to	  establish	  a	  specialized	  administration	  that	  implemented	  a	  policy	  framework	  promoting	  rural	  electrification.	  	  At	  the	  time,	  electrical	  service	  providers	  ignored	  the	  rural	  market	  due	  to	  its	  high	  network	  construction	  costs	  and	  the	  prospect	  of	  minimal	  immediate	  profits.	  Rural	  homes,	  farms	  and	  businesses	  were	  stretched	  too	  far	  apart	  and	  offered	  too	  little	  demand	  relative	  to	  the	  cost	  of	  investment.	  In	  addition	  rural	  residents	  were	  expected	  to	  advance	  the	  financing	  for	  the	  necessary	  infrastructure	  to	  the	  firm	  supplying	  power	  from	  a	  distant	  location	  and	  thus	  electrical	  rates	  in	  the	  1920s	  were	  commonly	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twice	  as	  high	  as	  urban	  rates.19	  The	  disincentives	  to	  investment	  in	  electrical	  infrastructure	  left	  rural	  America	  increasingly	  distant	  from	  the	  rising	  standard	  of	  living	  in	  the	  urban	  and	  suburban	  regions	  of	  the	  country.	  	  In	  order	  to	  address	  this	  growing	  disparity,	  U.S	  President	  Franklin	  Delano	  Roosevelt	  enacted	  Executive	  Order	  7037	  on	  May	  11,	  1935	  to	  create	  the	  Rural	  Electrification	  Administration	  (REA).	  Roosevelt	  understood	  the	  benefits	  electrification	  would	  bring	  to	  the	  rural	  American	  economy,	  however	  it	  was	  Morris	  L.	  Cooke	  who	  provided	  vision	  and	  leadership	  to	  the	  U.S	  rural	  electrification	  efforts.	  Cooke	  was	  an	  influential	  American	  engineer	  who	  had	  led	  Giant	  Power,	  the	  Pennsylvania	  rural	  electrification	  program,	  and	  was	  thus	  invited	  to	  address	  the	  problem	  at	  the	  federal	  level.	  Using	  data	  supplied	  by	  the	  utility	  industry,	  electrical	  engineers,	  Giant	  Power,	  and	  the	  U.S	  Census	  of	  1930,	  Cooke	  authored	  a	  report	  in	  1934	  that	  provided	  the	  foundation	  for	  a	  federal	  rural	  electrification	  program.	  	  The	  first	  official	  action	  of	  the	  federal	  government	  pointing	  the	  way	  towards	  the	  REA	  program	  came	  with	  the	  passage	  of	  the	  Tennessee	  Valley	  Authority	  (TVA)	  Act	  in	  1933.	  This	  act	  directed	  the	  board	  of	  directors	  of	  TVA	  to	  give	  preference	  in	  the	  sale	  of	  surplus	  power	  to	  states,	  counties,	  cooperative	  organizations	  of	  citizens	  or	  farmers,	  and	  authorized	  the	  board	  to	  construct	  electric	  transmission	  lines	  to	  farms	  and	  small	  villages	  in	  order	  to	  promote	  and	  encourage	  the	  fullest	  possible	  rural	  electrification.20	  The	  act	  declared	  that	  the	  government’s	  policy	  was	  to	  sell	  and	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  Laurence	  J.	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  Electrification	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  Days	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  Review	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distribute	  power	  primarily	  for	  the	  benefit	  of	  the	  people	  as	  a	  whole	  and	  particularly	  the	  domestic	  and	  rural	  consumers.	  	  The	  REA	  was	  the	  next	  step	  in	  extending	  the	  electrification	  programs	  on	  a	  nation-­‐wide	  scale.	  Morris	  Cooke	  estimated	  in	  his	  1934	  report	  that	  the	  complete	  electrical	  infrastructure	  needed	  to	  bring	  electrical	  service	  to	  500,000	  rural	  American	  farms	  was	  approximately	  $200	  million.	  Cooke	  included	  detailed	  estimates	  of	  the	  cost	  per	  mile	  of	  “high	  wire”	  distribution	  lines	  and	  suitable	  construction	  materials	  and	  standards	  to	  use	  in	  rural	  regions.21	  The	  United	  States	  Congress	  then	  subsequently	  passed	  the	  Norris-­‐Rayburn	  Act	  authorizing	  $410	  million	  in	  appropriations	  for	  a	  ten-­‐year	  program	  to	  electrify	  American	  farms.22	  Within	  its	  first	  two	  years	  the	  REA	  helped	  co-­‐ops	  invest	  in	  53,000	  miles	  of	  power	  lines	  connecting	  rural	  communities.	  REA	  crews	  traveled	  through	  the	  American	  countryside,	  bringing	  teams	  of	  electricians	  along	  with	  them	  to	  add	  wiring	  to	  houses	  and	  barns.	  The	  REA	  was	  essentially	  a	  government-­‐financing	  agency	  providing	  subsidized	  loans	  to	  private	  companies,	  public	  agencies,	  or	  cooperatives	  for	  the	  construction	  of	  electrical	  supply	  infrastructure	  in	  rural	  regions.	  These	  loans	  were	  guaranteed	  by	  the	  federal	  government,	  had	  an	  attractive	  interest	  rate,	  and	  a	  generous	  repayment	  schedule	  of	  twenty-­‐five	  years.	  REA	  loans	  fostered	  the	  incentive	  for	  rural	  electric	  cooperatives	  to	  form	  and	  connect	  to	  the	  existing	  electrical	  network	  at	  rates	  comparable	  to	  the	  national	  average.	  Cooperatives	  were	  not-­‐for	  profit	  consumer	  owned	  firms	  organized	  to	  provide	  electric	  service	  to	  member	  customers.	  Only	  two	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  21	  Malone,	  Laurence	  J.	  “Rural	  Electrification	  Administration.”	  Economic	  History	  
Association.	  Web.	  18	  Feb.	  2015	  22	  Ibid.	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restrictions	  were	  placed	  on	  the	  formation	  of	  cooperatives:	  they	  could	  not	  compete	  directly	  with	  utility	  companies,	  and	  co-­‐op	  members	  could	  not	  live	  in	  areas	  served	  by	  utilities	  or	  within	  a	  municipality	  with	  a	  population	  of	  1500	  or	  more.23	  	  The	  main	  objective	  of	  the	  REA	  was	  to	  find	  funds	  for	  these	  cooperative	  associations	  of	  rural	  populations	  and	  thus	  financially	  support	  electrification	  in	  rural	  areas.	  REA	  cooperatives	  quickly	  became	  one	  of	  the	  largest	  capital	  investment	  projects	  of	  the	  New	  Deal,	  and	  the	  low-­‐cost	  financing	  for	  construction	  of	  electrical	  supply	  infrastructure	  was	  the	  key	  provision	  of	  the	  program.	  Aside	  from	  the	  low-­‐interest	  loans	  provided,	  the	  REA	  assisted	  the	  co-­‐ops	  in	  technical,	  legal,	  and	  accounting	  issues.	  By	  the	  end	  of	  1938,	  350	  cooperative	  projects	  in	  45	  states	  were	  delivering	  electricity	  to	  1.5	  million	  farms.	  By	  the	  mid-­‐1950s	  nearly	  all	  American	  farms	  had	  electrical	  service	  provided	  through	  the	  REA	  or	  other	  means.	  Overall	  the	  Rural	  Electrification	  Administration	  was	  immensely	  successful	  in	  overcoming	  the	  unwillingness	  of	  private	  utilities	  to	  bring	  power	  to	  households,	  farms,	  and	  businesses	  in	  sparsely	  populated	  regions.	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  Brown,	  D.C.	  Electricity	  for	  Rural	  America.	  Westport,	  CT:	  Greenwood	  Press,	  1980.	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Chapter	  4	  -­‐	  Alternatives	  to	  Grid	  Extension	  
	  	   From	  the	  1950s	  onwards,	  diesel	  stand-­‐alone	  systems	  and	  grid	  extension	  have	  dominated	  the	  electrification	  of	  rural	  areas	  in	  Africa.	  Rural	  Electrification	  is	  vital	  to	  the	  improvement	  of	  socio-­‐economic	  conditions	  by	  supporting	  economic	  development,	  increasing	  productivity	  and	  enhancing	  the	  quality	  of	  life.	  However,	  the	  increased	  cost	  of	  generation,	  transmission	  and	  distribution	  losses,	  as	  well	  as	  the	  high	  cost	  of	  a	  centralized	  management	  system	  for	  small	  loads,	  make	  the	  supply	  of	  grid	  power	  unattractive	  for	  remote	  places.	  The	  dominance	  of	  the	  traditional	  energy	  systems	  are	  now	  being	  challenged	  by	  renewable	  energy	  sources	  including	  solar,	  wind,	  micro-­‐hydro	  and	  hybrid	  systems	  that	  can	  establish	  long-­‐term	  plans	  of	  clean	  energy	  supply	  options.24	  This	  shift	  in	  technology	  is	  essential	  for	  the	  creation	  of	  a	  sustainable	  energy	  market	  in	  Africa.	  	  	   Until	  relatively	  recently,	  Biomass	  was	  the	  only	  form	  of	  energy	  which	  was	  used	  by	  humans	  and	  is	  still	  the	  primary	  source	  of	  energy	  for	  more	  than	  half	  the	  world’s	  population	  for	  their	  domestic	  energy	  needs.25	  Biomass	  is	  the	  term	  used	  to	  describe	  all	  the	  organic	  matter,	  produced	  by	  photosynthesis	  that	  exists	  on	  the	  earth’s	  surface.	  To	  utilize	  biomass	  for	  domestic	  energy	  needs	  it	  simply	  needs	  to	  be	  burnt	  in	  an	  open	  fire	  to	  provide	  heat	  for	  cooking,	  warming	  water	  or	  to	  warm	  the	  air	  in	  the	  home.	  More	  advanced	  technologies	  have	  been	  developed	  for	  extracting	  this	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  S.	  Szabo	  et	  al.	  "Energy	  Solutions	  in	  Rural	  Africa:	  Mapping	  Electrification	  Costs	  of	  Distributed	  Solar	  and	  Diesel	  Generation	  versus	  Grid	  Extension.”	  Environmental	  
Research	  Letters	  6.3	  (2011):	  034002.	  Web.	  25	  “Biomass–	  Technical	  Brief”.	  Practical	  Action.	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  Action.	  2013.	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  2,	  2015	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energy	  and	  converting	  it	  into	  useful	  power	  and	  heat	  in	  more	  efficient	  and	  convenient	  ways.	  The	  extraction	  of	  energy	  from	  biomass	  is	  split	  into	  3	  categories:	  -­‐ Solid	  Biomass	  –	  the	  use	  of	  trees,	  crop	  residues,	  animal	  waste,	  household	  or	  industrial	  residues	  for	  direct	  combustion	  to	  provide	  heat.	  	  	  -­‐ Biogas	  –	  Obtained	  by	  anaerobically	  (in	  an	  air	  free	  environment)	  digesting	  organic	  material	  to	  produce	  a	  combustible	  gas	  known	  as	  methane.	  	  	   -­‐ Liquid	  Biofuels	  –	  Obtained	  by	  subjecting	  organic	  materials	  to	  one	  of	  various	  chemical	  or	  physical	  processes	  to	  produce	  a	  usable,	  combustible,	  liquid	  fuel.	  Biofuels	  such	  as	  vegetable	  oils	  or	  ethanol	  are	  often	  processed	  from	  industrial	  or	  commercial	  residues	  such	  as	  the	  sugarcane	  residue	  remaining	  after	  sugar	  extraction.	  They	  are	  also	  processed	  from	  energy	  crops	  that	  can	  be	  grown	  for	  this	  specific	  purpose.	  Biofuels	  are	  often	  used	  in	  place	  of	  petroleum	  derived	  liquid	  fuels.	  	  	   The	  threat	  of	  global	  deforestation	  provides	  a	  focus	  for	  the	  efficient	  use	  of	  biomass,	  as	  well	  as	  introducing	  alternative	  fuels	  in	  areas	  where	  wood	  fuel	  is	  in	  particular	  shortage.	  Of	  the	  three	  aforementioned	  categories	  of	  biomass	  energy	  extraction,	  Biogas	  has	  the	  greatest	  potential	  for	  applications	  in	  the	  rural	  context.	  The	  biogas	  process,	  known	  as	  anaerobic	  digestion,	  provides	  a	  clean	  cooking	  and	  lighting	  fuel	  that	  can	  be	  produced	  on	  a	  scale	  varying	  from	  a	  small	  household	  system	  to	  a	  large	  commercial	  plant.26	  Biogas	  can	  be	  used	  for	  electricity	  generation	  and	  powering	  farm	  equipment.	  There	  are	  two	  main	  types	  of	  electricity	  generation	  equipment:	  -­‐ Micro	  turbines:	  Small	  gas	  turbines	  that	  burn	  methane,	  mixed	  with	  compressed	  air.	  As	  they	  burn,	  the	  hot	  pressurized	  gases	  are	  forced	  out	  of	  the	  chamber	  and	  through	  a	  turbine	  wheel,	  causing	  it	  to	  spin	  and	  turn	  the	  generator,	  thus	  making	  electricity.	  	  	   -­‐ Reciprocating	  Gas	  Engines:	  Modified	  from	  natural	  gas	  engines	  but	  which	  can	  handle	  the	  larger	  quantities	  of	  carbon	  dioxide	  and	  contaminants	  found	  in	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  Technical	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biogas.	  Work	  on	  a	  much	  larger	  scale,	  burn	  efficiently,	  and	  deliver	  between	  1	  MW	  and	  2	  MW	  of	  electrical	  power.	  	  	  As	  carbon	  emission	  levels	  become	  of	  greater	  concern	  and	  people	  realize	  the	  benefits	  of	  developing	  integrated	  energy	  supply	  options,	  biogas	  becomes	  an	  increasingly	  attractive	  option.27	  When	  biogas	  is	  substituted	  for	  wood-­‐fuel	  it	  not	  only	  reduces	  the	  levels	  of	  indoor	  air	  pollution,	  but	  also	  reduces	  the	  pressures	  on	  the	  forest	  and	  saves	  time	  for	  those	  who	  have	  to	  collect	  wood	  –	  usually	  women	  and	  children.	  The	  use	  of	  biogas	  to	  generate	  electricity	  brings	  with	  it	  the	  possibilities	  of	  improved	  communications,	  telephones,	  computers,	  radios	  and	  televisions	  in	  remote	  communities.	  In	  addition	  the	  fuel	  produced	  locally	  is	  significantly	  less	  vulnerable	  to	  disruption	  when	  compared	  to	  grid	  electricity.	  	  	   Renewable	  sources	  of	  energy	  –	  hydro,	  solar,	  biomass,	  and	  wind	  –	  can	  meet	  Africa’s	  current	  and	  growing	  energy	  demands.	  These	  types	  of	  energy	  sources	  utilized	  in	  small-­‐scale	  systems	  are	  appropriate	  for	  rural	  electrification	  schemes	  because	  they	  use	  local	  resources,	  can	  be	  sized	  according	  to	  need,	  are	  operated	  and	  managed	  locally,	  and	  local	  people	  can	  participate	  in	  the	  process	  of	  planning	  and	  installation.	  According	  to	  the	  European	  Commission	  Joint	  Research	  Center’s	  Institute	  for	  Energy,	  there	  are	  two	  prevailing	  misconceptions	  over	  renewable	  energy	  technologies.	  The	  first	  is	  that	  renewable	  energies	  are	  generally	  seen	  as	  new	  competitors	  for	  conventional	  energies	  and	  electricity	  grid	  extension.	  	  Second	  renewable	  energy	  technologies,	  mainly	  photovoltaic	  systems,	  are	  typically	  considered	  the	  most	  expensive	  technologies	  and	  therefore	  unaffordable	  for	  the	  rural	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  27	  “Biogas–	  Technical	  Brief”.	  Practical	  Action.	  Practical	  Action.	  2013.	  February	  2,	  2015	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areas	  of	  the	  developing	  world.28	  These	  prevailing	  views	  do	  not	  take	  into	  account	  that	  the	  operation	  and	  maintenance	  cost	  of	  conventional	  electricity	  grids	  exceed	  the	  lifetime	  cost	  of	  photovoltaic	  (PV)	  electricity.	  In	  addition,	  renewable	  energy	  technologies	  should	  be	  viewed	  as	  complementary	  options	  for	  situations	  where	  conventional	  energy	  is	  unavailable	  or	  the	  grid	  cannot	  be	  economically	  extended.	  As	  fuel	  prices	  become	  more	  volatile	  and	  the	  cost	  of	  renewable	  technologies	  decreases,	  the	  expansion	  of	  renewables	  into	  the	  national	  energy	  mix	  becomes	  a	  more	  viable	  and	  attractive	  option.	  	  	   Decentralized	  electricity	  generation,	  utilizing	  a	  variety	  of	  renewable	  sources,	  can	  provide	  a	  feasible	  alternative	  to	  the	  grid	  connection	  programs.	  Such	  distribution	  will	  be	  undertaken	  with	  the	  advancement	  of	  mini-­‐grid	  systems,	  defined	  as	  a	  power	  source	  of	  less	  than	  3MW	  (diesel,	  hydro,	  biomass,	  hybrid)	  supplying	  a	  local	  distribution	  grid	  connected	  to	  domestic,	  business	  and	  institutional	  customers	  in	  the	  locality.29	  Mini-­‐grids	  can	  include	  single	  generation	  technologies,	  such	  as	  diesel,	  solar	  photovoltaic,	  wind,	  hydropower	  or	  biomass	  power	  generation,	  or	  a	  hybrid	  system	  that	  includes	  two	  or	  more	  technologies.	  Hybrid	  systems	  are	  ideal	  as	  they	  provide	  a	  mix	  of	  energy	  sources	  that	  increases	  the	  reliability	  of	  electricity	  supply.	  They	  can	  ensure	  the	  availability	  of	  power	  when	  one	  of	  the	  generation	  components	  experiences	  intermittence.	  This	  type	  of	  intermittence	  might	  occur	  in	  periods	  of	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  S.	  Szabo	  et	  al.	  "Energy	  Solutions	  in	  Rural	  Africa:	  Mapping	  Electrification	  Costs	  of	  Distributed	  Solar	  and	  Diesel	  Generation	  versus	  Grid	  Extension.”	  Environmental	  
Research	  Letters	  6.3	  (2011):	  034002.	  Web.	  29	  Global	  Village	  Energy	  Partnership.	  “The	  History	  of	  Mini-­‐Grid	  Development	  in	  Developing	  Countries.”	  GVEP	  International	  Policy	  Briefing	  (2011):	  1-­‐9.	  Web	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drought	  for	  hydro	  systems	  or	  with	  high-­‐cost	  and	  limited	  diesel	  availability	  in	  diesel	  powered	  systems.	  	  The	  smaller	  scale,	  local	  level	  ownership	  of	  physical	  infrastructure	  and	  management	  systems	  characteristic	  of	  mini-­‐grids,	  reduces	  problems	  that	  occur.	  Common	  problems,	  such	  as	  power	  theft,	  that	  occur	  with	  more	  centralized	  on-­‐grid	  approaches	  are	  mitigated	  by	  local	  mini-­‐grid	  systems.	  Mini-­‐grids	  present	  opportunities	  where	  government	  grid	  systems	  are	  not	  well	  developed	  and	  where	  there	  is	  a	  vibrant	  private	  sector.	  They	  are	  also	  adaptable,	  in	  the	  different	  systems	  and	  can	  be	  linked	  up	  and/or	  connected	  to	  grids	  as	  they	  expand.30	  In	  order	  to	  enhance	  the	  success	  of	  mini-­‐grid	  schemes	  their	  design	  must	  carefully	  consider	  local	  economic,	  social	  and	  environmental	  conditions.	  Site	  selection	  is	  important	  in	  order	  to	  ensure	  that	  mini-­‐grids	  are	  not	  developed	  so	  close	  to	  grid	  systems	  to	  be	  quickly	  superseded	  or	  so	  far	  that	  they	  are	  difficult	  to	  operate	  and	  manage	  under	  certain	  arrangements.	  	  A	  detailed	  site	  analysis	  also	  helps	  with	  appropriate	  technology	  selection	  that	  will	  give	  some	  estimate	  of	  a	  project’s	  output.	  For	  renewables	  this	  includes	  an	  understanding	  of	  hydrology,	  wind	  speeds	  and	  solar	  insolation.	  For	  diesel	  generation,	  a	  clear	  understanding	  of	  current	  and	  future	  fuel	  availability	  and	  price	  at	  the	  location	  are	  important.31	  A	  paper	  published	  by	  the	  European	  Commission	  Joint	  Research	  Center’s	  Institute	  for	  Energy,	  provides	  an	  analysis	  of	  three	  rural	  electrification	  options	  showing	  the	  cost	  optimal	  conditions	  for	  sustainable	  energy	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  30	  Global	  Village	  Energy	  Partnership.	  “The	  History	  of	  Mini-­‐Grid	  Development	  in	  Developing	  Countries.”	  GVEP	  International	  Policy	  Briefing	  (2011):	  1-­‐9.	  Web	  31	  Ibid.	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development.	  A spatial electricity cost model was designed to point out whether 
diesel generators, photovoltaic systems or the extension of the grid are the least-
cost option in off-grid areas.32 Through	  a	  combination	  of	  renewable	  energy	  resource	  information,	  geographical	  information,	  current	  fuel	  prices	  and	  travel	  distances,	  Szabo	  determined	  it	  becomes	  possible	  to	  map	  the	  economic	  potential	  of	  different	  technology	  options	  for	  rural	  electrification.	  The	  below	  figures	  from	  Szabos’	  research	  provides	  an	  economic	  comparison	  of	  PV	  and	  diesel	  off-­‐grid	  systems	  as	  well	  as	  a	  mapping	  of	  retail	  fuel	  prices	  throughout	  Africa.	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  S.	  Szabo	  et	  al.	  "Energy	  Solutions	  in	  Rural	  Africa:	  Mapping	  Electrification	  Costs	  of	  Distributed	  Solar	  and	  Diesel	  Generation	  versus	  Grid	  Extension.”	  Environmental	  
Research	  Letters	  6.3	  (2011):	  034002.	  Web.	  	  
Figure 2. Off-grid options: 
economic comparison of diesel 
versus PV. 	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  Although	  the	  prices	  have	  varied	  since	  the	  time	  of	  Szabos’	  research,	  the	  key	  takeaway	  from	  comparing	  the	  two	  maps	  is	  the	  clear	  effect	  that	  prevailing	  fuel	  taxation/fuel	  subsidies	  policy	  has	  on	  the	  economic	  viability	  of	  diesel	  or	  PV	  systems.	  This	  indicates	  that	  a	  change	  in	  policy	  supporting	  the	  uptake	  in	  renewable	  energy	  technologies	  can	  have	  a	  substantial	  impact	  on	  their	  economic	  feasibility.	  The	  variety	  of	  energy	  resources	  and	  existing	  energy	  infrastructure	  in	  the	  African	  regions	  require	  quite	  a	  range	  of	  policy	  approaches	  and	  rural	  electrification	  options	  to	  meet	  the	  different	  conditions.	  In	  many	  Sub-­‐Saharan	  countries,	  particularly	  in	  East	  Africa,	  the	  electric	  grid	  is	  not	  yet	  well	  developed	  and	  therefore	  off-­‐grid	  solutions	  may	  prove	  to	  be	  more	  important	  than	  grid	  extension.	  Current	  energy	  policy	  in	  East	  Africa	  as	  well	  as	  potential	  suggestions	  will	  be	  analyzed	  in	  the	  following	  sections	  of	  this	  thesis.	  
Figure 3. Retail fuel prices and fuel 
subsidies in Africa as of November 
2008 	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Practical	  Action,	  an	  international	  NGO	  that	  uses	  technology	  to	  challenge	  poverty	  in	  developing	  countries,	  has	  enabled	  poor	  communities	  to	  build	  on	  their	  skills	  and	  knowledge	  to	  produce	  sustainable	  and	  practical	  solutions	  to	  energy	  access.	  The	  alternatives	  to	  grid	  extension	  they	  advocate	  for	  include	  micro-­‐hydro	  power,	  small-­‐scale	  wind	  power,	  biogas,	  solar	  power,	  and	  the	  “Renewable	  Energy	  Village”	  concept.	  Micro-­‐hydro	  power	  is	  the	  small-­‐scale	  harnessing	  of	  energy	  from	  falling	  water,	  such	  as	  steep	  mountain	  rivers.	  Using	  this	  resource,	  micro-­‐hydro	  plants	  can	  generate	  power	  for	  homes,	  hospitals,	  schools,	  and	  workshops.	  Practical	  Action	  promotes	  small-­‐scale	  hydro	  schemes	  that	  generate	  up	  to	  500	  kilowatts	  of	  power.	  The	  micro-­‐hydro	  station,	  which	  converts	  the	  energy	  of	  flowing	  water	  into	  electricity,	  provides	  communities	  in	  rural	  areas	  with	  an	  affordable,	  easy	  to	  maintain	  and	  long-­‐term	  solution	  to	  their	  energy	  needs	  (Practical	  Action,	  1).33	  Unlike	  traditional	  power	  stations	  that	  use	  fossil	  fuels,	  micro-­‐hydro	  generators	  have	  essentially	  no	  detrimental	  effect	  on	  the	  environment.	  In	  addition	  they	  are	  overall	  better	  for	  the	  environment	  than	  large-­‐scale	  hydroelectric	  stations	  because	  these	  systems	  do	  not	  depend	  on	  dams	  to	  store	  and	  direct	  water.	  	  Wind	  energy	  has	  been	  used	  for	  centuries	  for	  pumping	  water	  and	  milling	  grain.	  This	  type	  of	  energy	  can	  also	  be	  utilized	  for	  electricity	  generation	  and	  for	  irrigation.	  Unlike	  the	  trend	  toward	  large-­‐scale	  grid	  connected	  wind	  turbines,	  frequently	  seen	  in	  parts	  of	  Europe,	  the	  more	  immediate	  demand	  for	  rural	  energy	  supply	  in	  developing	  countries	  is	  for	  smaller	  machines	  of	  up	  to	  about	  60	  kW.	  	  These	  can	  be	  connected	  to	  small,	  localized	  micro-­‐grid	  systems	  and	  used	  in	  conjunction	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  “Micro-­‐Hydro	  Power	  –	  Technical	  Brief”.	  Practical	  Action.	  Practical	  Action.	  2013.	  February	  2,	  2015	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with	  diesel	  generating	  sets	  and/or	  more	  preferably	  solar	  photovoltaic	  systems.	  Practical	  Action	  has	  developed	  reliable	  and	  cost	  effective	  wind	  energy	  systems	  for	  charging	  batteries	  to	  help	  meet	  the	  electrical	  energy	  needs	  of	  rural	  communities.	  Small	  wind	  turbine	  systems,	  with	  a	  capacity	  ranging	  from	  50W	  to	  10kW	  are	  primarily	  used	  for	  battery	  charging.	  These	  batteries	  can	  then	  be	  used	  for	  energy	  supply	  for	  houses,	  hospitals,	  farms,	  telecommunication,	  and	  navigation.34	  	  Photovoltaics	  (PV)	  is	  a	  technology	  that	  converts	  sunlight	  directly	  into	  electricity.	  PV	  systems	  have	  huge	  value	  use	  in	  areas	  remote	  from	  an	  electricity	  grid	  where	  they	  can	  provide	  power	  for	  water	  pumping,	  lighting,	  vaccine	  refrigeration,	  electrified	  livestock	  fencing,	  telecommunications,	  etc.35	  Several	  million	  solar	  PV	  systems	  are	  currently	  in	  use	  worldwide,	  with	  an	  installed	  capacity	  of	  139	  GW	  globally	  by	  the	  end	  of	  2013.36	  This	  is	  a	  substantial	  increase	  from	  around	  40GW	  global	  capacity	  in	  2010,	  yet	  this	  remains	  a	  tiny	  proportion	  of	  the	  vast	  potential	  that	  exists	  for	  PV	  as	  an	  energy	  source.	  Solar	  PV	  can	  be	  utilized	  in	  providing	  power	  for	  small	  grid	  systems,	  with	  centralized	  power	  generation.	  In	  particular	  PV	  technology	  has	  a	  vast	  potential	  for	  most	  of	  the	  world’s	  developing	  countries,	  generally	  located	  within	  the	  tropics	  and	  thus	  have	  ample	  solar	  insolation.	  The	  tropical	  regions	  also	  benefit	  from	  having	  only	  a	  small	  seasonal	  variation	  of	  solar	  insolation,	  which	  means	  that	  unlike	  northern	  countries,	  solar	  energy	  can	  be	  harnessed	  economically	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  “Energy	  from	  the	  Wind	  –	  Technical	  Brief”.	  Practical	  Action.	  Practical	  Action.	  2013.	  February	  2,	  2015	  35	  “Solar	  Photovoltaic	  Energy	  –	  Technical	  Brief”.	  Practical	  Action.	  Practical	  Action.	  2013.	  February	  2,	  2015	  	  36	  “Renewables	  2014	  Global	  Status	  Report”.	  REN21.	  Renewable	  Energy	  Policy	  Network	  for	  the	  21st	  Century.	  2014.	  March	  3,	  2015	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throughout	  the	  year.	  Some	  of	  the	  overall	  benefits	  of	  photovoltaics	  include:	  -­‐ No	  Fuel	  Requirements	  –	  In	  remote	  areas	  diesel	  or	  kerosene	  fuel	  supplies	  are	  erratic	  and	  expensive.	  The	  recurrent	  costs	  of	  operating	  and	  maintaining	  PV	  systems	  are	  small.	  	  -­‐ Modular	  Design	  –	  A	  solar	  array	  comprised	  of	  individual	  PV	  modules,	  which	  can	  be	  connected	  to	  meet	  a	  particular	  demand.	  -­‐ Reliability	  of	  PV	  Modules	  –	  Shown	  to	  be	  significantly	  higher	  than	  that	  of	  diesel	  generators.	  -­‐ Easy	  to	  Maintain	  –	  Operation	  and	  routine	  maintenance	  requirements	  are	  simple.	  -­‐ Long	  Lifespan	  –	  With	  no	  moving	  parts	  and	  all	  delicate	  surfaces	  protected,	  modules	  can	  be	  expected	  to	  provide	  power	  for	  15+	  years.	  	  -­‐ National	  Economic	  Benefits	  –	  Use	  of	  PV	  modules	  leads	  to	  a	  reduction	  in	  reliance	  on	  imported	  fuels	  such	  as	  coal	  and	  oil.	  	  -­‐ Environmentally	  Friendly	  –	  There	  is	  no	  pollution	  through	  the	  use	  of	  a	  PV	  system.	  PV	  systems	  bring	  great	  improvements	  in	  the	  domestic	  environment	  when	  they	  replace	  other	  harmful	  forms	  of	  lighting	  –	  kerosene	  and	  paraffin	  lamps	  for	  example.	  	  	  Despite	  the	  numerous	  benefits	  of	  utilizing	  photovoltaics	  (PV)	  for	  power	  generation	  there	  do	  exist	  some	  potential	  drawbacks.	  Clean	  energy	  technologies,	  such	  as	  PV,	  high	  efficiency	  wind	  turbines	  and	  smart	  grid	  technologies,	  critically	  require	  the	  use	  of	  rare	  earth	  metals.	  Rare	  earths	  are	  a	  series	  of	  chemical	  elements	  found	  in	  the	  Earth’s	  crust	  that	  are	  vital	  to	  many	  modern	  technologies.	  Because	  of	  their	  unique	  magnetic,	  luminescent,	  and	  electrochemical	  properties,	  these	  elements	  help	  make	  many	  technologies	  perform	  with	  reduced	  weight,	  reduce	  emissions,	  and	  energy	  consumption;	  or	  give	  them	  greater	  efficiency,	  performance,	  miniaturization,	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speed,	  durability,	  and	  thermal	  stability.37	  High-­‐tech	  products	  and	  renewable	  energy	  technology	  cannot	  function	  without	  rare	  earth	  metals	  and	  thus	  a	  shortage	  of	  these	  metals	  has	  the	  potential	  to	  delay	  adoption	  of	  clean	  technologies.	  In	  addition,	  world	  demand	  for	  rare	  earth	  metals	  is	  estimated	  to	  continue	  to	  rise	  with	  the	  global	  growth	  of	  the	  middle	  class,	  particularly	  in	  China,	  India	  and	  Africa.	  This	  could	  then	  led	  to	  a	  struggle	  to	  meet	  the	  solar	  energy	  targets	  many	  countries	  have	  set,	  as	  the	  global	  supply	  of	  rare	  metals	  is	  unlikely	  to	  meet	  the	  demand.	  For	  elements	  where	  demand	  is	  expected	  to	  increase,	  one	  option	  is	  to	  open	  new	  mines.	  More	  mining	  of	  rare	  earth	  metals,	  however,	  will	  mean	  more	  environmental	  degradation	  and	  human	  health	  hazards.	  All	  rare	  earth	  metals	  contain	  radioactive	  elements	  such	  as	  uranium	  and	  thorium,	  which	  contaminate	  air,	  water,	  soil	  and	  groundwater.38	  While	  calculations	  based	  on	  available	  appropriate	  land,	  global	  irradiance	  and	  conversions	  of	  solar	  energy	  to	  electricity	  demonstrate	  that	  technically,	  solar	  energy	  could	  provide	  7.5	  to	  9	  times	  the	  expected	  electricity	  demand	  in	  2050,	  since	  several	  PV	  technologies	  employ	  these	  rare	  metals	  the	  disruption	  in	  supply	  could	  limit	  the	  actual	  capacity	  achieved	  for	  electricity	  generation.39	  	  Another	  source	  of	  renewable	  energy	  with	  a	  vast	  potential	  to	  increase	  electricity	  access	  to	  rural	  areas	  is	  geothermal	  energy.	  Geothermal	  energy	  is	  a	  clean	  and	  sustainable	  source	  of	  energy	  that	  is	  derived	  from	  the	  heat	  in	  the	  Earth.	  Resources	  of	  geothermal	  energy	  range	  from	  the	  shallow	  ground	  to	  hot	  water	  and	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  “What	  are	  Rare	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  Rare	  Earth	  Technology	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  March	  2015.	  	  38	  Cho,	  Renee.	  “Rare	  Earth	  Metals:	  Will	  We	  Have	  Enough?”	  State	  of	  the	  Planet	  –	  
Columbia	  University	  Earth	  Institute.	  3	  March	  2015.	  	  39	  Barber,	  D.A.	  “Rare	  Earth	  Mineral	  Supply	  for	  PVs	  at	  Risk.”	  Energy	  Trend.	  Web.	  3	  March	  2015.	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hot	  rock	  found	  a	  few	  miles	  beneath	  the	  surface.	  Most	  power	  plants	  need	  steam	  to	  rotate	  a	  turbine	  to	  activate	  a	  generator,	  thus	  producing	  electricity.	  Many	  power	  plants	  still	  use	  fossil	  fuels	  to	  boil	  water	  for	  steam.	  Geothermal	  power	  plants	  instead	  use	  steam	  produced	  from	  these	  underground	  reservoirs	  of	  hot	  water.	  Small-­‐scale	  geothermal	  power	  plants	  have	  the	  potential	  for	  widespread	  application	  in	  rural	  areas,	  possibly	  even	  as	  distributed	  energy	  sources.	  Distributed	  energy	  sources	  are	  smaller	  power	  sources	  that	  can	  be	  aggregated	  to	  provide	  power	  necessary	  to	  meet	  regular	  demand	  and	  improve	  the	  operation	  of	  the	  electricity	  delivery	  system.	  	  These	  various	  types	  of	  renewable	  energy	  sources	  can	  be	  utilized	  in	  conjunction	  with	  modern	  smart	  grid	  technologies	  to	  effectively	  enhance	  the	  reliability	  and	  overall	  efficiency	  of	  power	  systems.	  A	  Smart	  Grid	  generally	  refers	  to	  a	  class	  of	  technology	  people	  are	  using	  to	  bring	  utility	  electricity	  delivery	  systems	  into	  the	  21st	  century,	  using	  computer-­‐based	  remote	  control	  and	  automation.	  These	  systems	  are	  made	  possible	  by	  two-­‐way	  communication	  technology	  and	  computer	  processing	  that	  has	  historically	  been	  used	  in	  other	  industries.40	  Utilizing	  these	  advances	  in	  power	  systems	  provided	  by	  Smart	  Grid	  technologies	  may	  enable	  Sub-­‐Saharan	  African	  countries	  to	  leapfrog	  traditional	  power	  systems	  to	  reach	  more	  effective	  solutions.41	  	  According	  to	  researchers	  at	  Imperial	  College	  London	  Energy	  Futures	  Lab	  the	  “leapfrogging”	  of	  technology	  is	  expected	  to	  occur	  mainly	  for	  the	  components	  based	  on	  information	  and	  communication	  technologies	  (ICT),	  which	  form	  an	  integral	  part	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  40	  “Smart	  Grid.”	  Office	  of	  Electricity	  Delivery	  &	  Energy	  Reliability.	  U.S	  Department	  of	  Energy.	  Web.	  1	  Feb.	  2015	  41	  Bazilian	  et	  al.	  “Smart	  and	  Just	  Grids:	  Opportunities	  for	  Sub-­‐Saharan	  Africa.”	  
Imperial	  College	  London	  –	  Energy	  Futures	  Lab.	  (2011):	  1-­‐32.	  Web.	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of	  many	  Smart	  Grid	  systems.42	  The	  rapid	  uptake	  in	  the	  mobile	  phone	  sector	  in	  Sub-­‐Saharan	  Africa	  provides	  an	  example	  of	  how	  Africa	  has	  had	  some	  excellent	  experiences	  in	  leapfrogging	  to	  more	  efficient	  ICT	  solutions.	  One	  reason	  for	  the	  mobile	  sector’s	  great	  success	  was	  the	  failure	  of	  conventional	  telecommunications	  systems	  to	  meet	  consumer	  demand,	  both	  in	  terms	  of	  number	  of	  connections	  and	  quality.	  This	  constitutes	  a	  parallel	  to	  the	  failure	  of	  current	  electricity	  networks	  in	  Sub-­‐Saharan	  Africa	  to	  meet	  the	  needs	  of	  millions	  of	  Africans.43	  	  Ultimately	  the	  use	  of	  Smart	  grids	  can	  accelerate	  national	  electrification	  timeframes,	  while	  improving	  service	  and	  minimizing	  costs	  and	  environmental	  impact.	  Traditional	  electricity	  planning	  takes	  demand	  growth	  as	  a	  given	  and	  only	  considers	  supply	  side	  options.	  These	  “predict	  and	  provide”	  strategies	  are	  formulated	  to	  predict	  this	  demand	  growth	  and	  then	  subsequently	  provide	  for	  it.44	  Such	  plans	  of	  predicting	  electricity	  requirements	  and	  designing	  the	  system	  accordingly	  have	  often	  been	  adopted	  in	  Sub-­‐Saharan	  models.45	  However,	  development	  can	  no	  longer	  be	  solely	  linked	  to	  steady	  energy	  demand	  growth.	  Due	  to	  sustainability	  considerations,	  energy	  planning	  must	  increasingly	  consider	  demand-­‐side	  options,	  social	  and	  environmental	  aspects,	  and	  associated	  costs.	  The	  required	  expansion	  and	  adaptation	  of	  the	  traditional	  approach	  to	  energy	  planning	  needs	  to	  incorporate	  a	  more	  active	  role	  for	  demand,	  linkages	  with	  storage,	  and	  the	  integration	  of	  mini-­‐grids	  into	  grid	  extension	  plans.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  42	  Ibid	  43	  “Smart	  Grid.”	  Office	  of	  Electricity	  Delivery	  &	  Energy	  Reliability.	  U.S	  Department	  of	  Energy.	  Web.	  1	  Feb.	  2015	  44	  Ibid	  45	  “Regional	  Power	  System	  Master	  Plan	  and	  Grid	  Code	  Study”.	  East	  Africa	  Power	  Pool	  
(EAPP)	  and	  East	  African	  Community	  (EAC).	  May	  2011.	  Web.	  2	  Feb.	  2015	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Chapter	  5	  –	  Case	  Study:	  Kenya	  
	  
	  
	  
	  
	  In	  spite	  of	  robust	  economic	  growth,	  consumption	  of	  modern	  energy	  is	  still	  very	  low	  in	  Kenya	  with	  per	  capita	  electricity	  consumption	  estimated	  to	  be	  160	  kWh	  per	  capita	  compared	  to	  the	  global	  average	  of	  2,751	  kWh	  per	  capita.46	  	  Electricity	  access	  remains	  low	  with	  rural	  access	  averaging	  below	  5%	  while	  urban	  access	  is	  estimated	  at	  51%.	  	  All	  over	  the	  country,	  rural	  areas	  present	  a	  challenge	  for	  electrification	  due	  to	  low	  population	  densities	  coupled	  with	  nomadic	  ways	  of	  life,	  weak	  customer	  bases,	  large	  distances	  between	  communities	  and	  inadequate	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  46	  International	  Energy	  Agency.	  “Africa	  Energy	  Outlook:	  A	  Focus	  on	  Energy	  Prospects	  in	  Sub-­‐Saharan	  Africa.”	  IEA	  World	  Energy	  Outlook	  (2014):	  1-­‐242.	  Web	  *	  Combustible	  Renewables	  and	  Waste	  –	  Comprise	  solid	  biomass,	  liquid	  biomass,	  bios	  gas,	  industrial	  waste,	  and	  municipal	  waste.	  	  *	  Alternative	  and	  Nuclear	  Energy	  –	  Includes	  hydropower,	  nuclear,	  geothermal,	  solar,	  and	  other	  sources	  that	  do	  not	  produce	  carbon	  dioxide	  when	  generated.	  	  
Population	   44.35	  million	  
Rural	  Population	  (%	  of	  total	  
Population)	  
75%	  
Current	  GDP	  (USD	  $)	   $55	  billion	  
GDP	  growth	  (Annual	  %)	   5.7%	  
GDP	  per	  capita	  (USD	  $)	   $1,245.50	  
%	  of	  Population	  with	  Energy	  
Access	  
23%	  
CO2	  emissions	  (kt)	   12,425	  kt	  
Fossil	  Fuel	  Energy	  
Consumption	  (%	  of	  total)	  
19.7%	  
Combustible	  Renewables	  and	  
Waste	  (%	  of	  total	  energy	  use)	  
72.4%	  
Alternative	  and	  Nuclear	  
Energy	  (%	  of	  total	  energy	  use)	  
7.9%	  
Energy	  imports,	  net	  (%	  of	  
energy	  use)	  
20%	  
*2013	  World	  Bank	  Data	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infrastructure.	  This	  calls	  for	  particular	  methodologies	  to	  appropriately	  supply	  them	  with	  electricity	  compared	  to	  those	  located	  in	  urban	  and	  peri-­‐urban	  areas.	  	  	   In	  2006,	  the	  government	  of	  Kenya	  passed	  an	  Energy	  Act	  to	  provide	  for	  the	  mitigation	  of	  climate	  change,	  through	  energy	  efficiency	  and	  the	  promotion	  of	  renewable	  energy.	  The	  Act	  also	  called	  for	  the	  establishment	  of	  the	  Rural	  Electrification	  Authority	  (REA)	  to	  accelerate	  the	  pace	  of	  rural	  electrification	  in	  the	  country.	  The	  objective	  was	  to	  streamline	  the	  implementation	  of	  the	  rural	  electrification	  program	  so	  as	  to	  facilitate	  the	  achievement	  of	  national	  development	  goals.	  The	  REA	  thus	  was	  given	  the	  mandate	  of	  extending	  electrification	  services	  to	  rural	  areas,	  developing	  rural	  electrification	  master	  plans,	  managing	  the	  rural	  electrification	  program	  fund,	  mobilizing	  resources	  for	  rural	  electrification	  and	  promoting	  the	  development	  and	  use	  of	  renewable	  energy.	  The	  2006	  Energy	  Act	  recognizes	  that	  some	  rural	  areas	  may	  not	  be	  viable	  for	  electrification	  by	  grid	  extension.	  It	  prescribes	  that	  the	  Rural	  Electrification	  program	  fund	  should	  be	  utilized	  in	  powering	  such	  areas	  but	  fails	  to	  establish	  under	  what	  model	  this	  investment	  should	  be	  deployed.	  	   Kenya	  has	  numerous	  development	  plans	  currently	  enacted	  to	  address	  the	  general	  energy	  planning	  in	  the	  country.	  These	  include	  the	  Least	  Cost	  Power	  Development	  Plan	  (LCPDP);	  Kenya	  Vision	  2030;	  Rural	  Electrification	  Master	  Plan;	  East	  African	  Community	  strategy	  to	  Scale-­‐up	  to	  modern	  energy	  services;	  Scale-­‐up	  Renewable	  Energy	  Program	  (SREP)	  investment	  plan	  and	  the	  Kenya	  Country	  Baseline	  Report	  and	  Work	  Plan.	  Through	  the	  Rural	  Electrification	  Master	  Plan	  the	  government	  intends	  to	  have	  100%	  connectivity	  access	  across	  the	  country	  by	  the	  
	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  39	  
year	  2030.	  This	  is	  to	  be	  achieved	  through	  both	  grid-­‐extension	  and	  off-­‐grid	  systems.	  To	  meet	  the	  increased	  electricity	  demand	  due	  to	  new	  connections	  and	  enhanced	  economic	  activities	  in	  rural	  areas,	  various	  generation	  sources	  have	  been	  considered	  for	  further	  exploitation.	  The	  Master	  Plan	  suggests	  targets	  of	  5,110	  MW	  from	  geothermal,	  1,039	  MW	  from	  hydro,	  2,036	  MW	  from	  wind,	  3,615	  MW	  from	  thermal,	  2,000	  MW	  from	  imports,	  2,420	  MW	  from	  coal	  and	  3,000	  MW	  from	  other	  sources.	  The	  investments	  required	  for	  generation,	  transmission	  and	  distribution	  to	  meet	  this	  demand	  would	  be	  enormous	  as	  the	  as	  the	  overall	  current	  capacity	  is	  2,294	  MW.	  The	  increase	  in	  generation	  sources	  is	  demonstrated	  in	  Figure	  4	  below.	  	  
Energy	  Source	   Current	  Capacity	   Master	  Plan	  
Target	  (2030)	  
Target	  Growth	  
Percentage	  Hydro	   827	  MW	   1,039	  MW	   26%	  Geothermal	   593	  MW	   5,110	  MW	   762%	  Wind	   26	  MW	   2,036	  MW	   7730	  %	  Fossil	  Fuels	   811	  MW	   3,615	  MW	   345%	  Other	  Sources	   107	  MW	   3,000	  MW	   2703%	  
Total:	  	   2,294	  MW	   14,800	  MW	   5451%	  
Figure	  4	  –	  Current	  Energy	  Capacity	  vs.	  Master	  Plan	  Target	  Capacity	  –	  Kenya	  	  	   The	  comparison	  of	  the	  current	  energy	  source	  capacity	  to	  the	  master	  plan	  targets	  indicates	  that	  Kenya’s	  energy	  policy	  plans	  to	  shift	  away	  from	  its	  dependence	  on	  hydroelectric	  power	  and	  imported	  fossil	  fuels	  by	  enhancing	  the	  use	  of	  renewable	  energy	  sources	  such	  as	  wind	  and	  geothermal	  power.	  A	  large	  portion	  of	  Kenya’s	  electricity	  comes	  from	  hydropower,	  which	  creates	  a	  particularly	  difficult	  situation	  during	  the	  summer	  months	  when	  water	  levels	  are	  low.	  The	  capacity	  gaps	  are	  then	  compensated	  by	  expensive	  thermal	  generation	  based	  on	  fossil	  fuels.	  The	  high	  cost	  of	  energy	  imports	  significantly	  slows	  economic	  growth	  in	  the	  country.	  Imported	  crude	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oil,	  for	  example,	  accounts	  for	  about	  25%	  of	  the	  national	  import	  bill.47	  Therefore	  sustainable,	  affordable	  and	  reliable	  domestic	  energy	  for	  all	  citizens	  is	  declared	  a	  priority	  factor	  in	  national	  policy.	  	  	   The	  Rural	  Electrification	  Master	  Plan	  indicates	  a	  preference	  towards	  renewable	  energy,	  particularly	  geothermal	  sources,	  as	  the	  energy	  source	  of	  choice	  to	  diversify	  the	  national	  energy	  mix	  and	  to	  increase	  capacity	  to	  handle	  growing	  demand.	  Kenya	  is	  endowed	  with	  vast	  geothermal	  resource	  potential	  within	  the	  Great	  Rift	  Valley	  and	  exploration	  estimates	  show	  the	  potential	  to	  exceed	  7,000	  MW.	  In	  recognition	  of	  the	  importance	  and	  reliability	  of	  geothermal	  power	  and	  the	  large	  energy	  requirements	  to	  meet	  the	  Kenya	  Vision	  2030	  objectives,	  the	  government	  has	  embarked	  on	  an	  ambitious	  generation	  expansion	  plan	  to	  increase	  the	  installed	  capacity	  through	  enhanced	  geothermal	  development.48	  In	  2014,	  Kenya	  commissioned	  Africa’s	  largest	  geothermal	  power	  project	  to	  produce	  electricity	  at	  half	  the	  price	  of	  diesel-­‐generated	  electricity.	  Geothermal	  energy	  is	  generated	  from	  radioactive	  decay	  and	  continual	  heat	  loss	  from	  the	  earth,	  is	  environmentally	  friendly	  and	  is	  more	  cost-­‐effective	  than	  the	  diesel	  alternative.	  	  	   Although	  geothermal	  energy	  has	  become	  a	  viable	  source	  to	  increase	  the	  national	  energy	  capacity	  and	  overall	  mix,	  it	  is	  not	  a	  source	  that	  can	  easily	  be	  utilized	  by	  rural	  communities	  utilizing	  mini-­‐grids.	  Feasible	  sources	  of	  energy	  for	  mini-­‐grid	  systems	  include	  photovoltaic	  solar	  energy,	  micro-­‐hydro,	  wind,	  diesel,	  or	  a	  hybrid	  combination	  of	  these	  sources.	  A	  study	  from	  the	  University	  of	  California	  at	  Berkley,	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  “Energy	  Profile:	  Kenya.”	  Reegle.	  REEEP	  Policy	  Database.	  Web.	  15	  Dec.	  2014	  48	  Simiyu,	  Silas	  M.	  “Status	  of	  Geothermal	  Exploration	  in	  Kenya	  and	  Future	  Plans	  for	  Its	  Development.”	  Geothermal	  Development	  Company	  Ltd.	  2010.	  Web.	  2	  March	  2015.	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entitled	  “Community-­‐Based	  Electric	  Micro-­‐grids	  Can	  Contribute	  to	  Rural	  Development:	  Evidence	  from	  Kenya”	  explores	  the	  relationship	  between	  rural	  electrification	  and	  rural	  development	  in	  the	  context	  of	  a	  village-­‐scale	  community	  based	  electricity	  project	  in	  rural	  Kenya.	  The	  research	  is	  drawn	  from	  the	  experience	  of	  the	  Mpeketoni	  Electricity	  Project	  (MEP),	  a	  community	  based	  diesel	  powered	  micro	  grid	  system	  in	  rural	  Kenya.	  The	  study	  of	  the	  electricity	  project	  allows	  for	  a	  village-­‐level	  exploration	  of	  the	  mechanisms	  through	  which	  access	  to	  rural	  electricity	  can	  contribute	  to	  rural	  development.	  	  	   The	  Mpeketoni	  Electricity	  Project,	  as	  part	  of	  an	  integrated	  infrastructure	  package	  by	  the	  German	  Technical	  Cooperation	  Agency	  (GTZ),	  the	  German	  Assisted	  Settlement	  Program	  (GASP),	  and	  the	  Mpeketoni	  community,	  was	  started	  with	  a	  diesel-­‐powered	  micro-­‐grid	  in	  1994	  at	  an	  initial	  capital	  cost	  of	  US$40,000.49	  	  The	  local	  community	  contributed	  about	  30%	  of	  the	  initial	  capital	  cost	  in	  cash	  and	  labor,	  while	  GTZ/GASP	  contributed	  the	  balance	  in	  the	  form	  of	  generators.	  In	  2009,	  at	  the	  time	  of	  the	  study,	  the	  mini-­‐grid	  operated	  for	  19	  hours	  per	  day	  using	  two	  manually	  synchronized	  generators	  (45.6	  kW	  and	  48	  kW)	  and	  a	  third	  with	  a	  capacity	  of	  120	  kW.	  The	  data	  provided	  below	  in	  Figure	  5,	  shows	  that	  small	  and	  micro	  enterprises	  (SMEs)	  consume	  the	  most	  electricity	  (8,100kWh/month).	  For	  example,	  the	  three	  grain	  mills	  consume	  over	  a	  third	  (2,200	  kWh/month)	  of	  the	  electricity	  consumed	  by	  105	  households	  (6,060	  kWh/month).	  Access	  to	  electricity	  enabled	  the	  SMEs	  to	  use	  electric	  tools	  contributing	  to	  a	  substantial	  increase	  in	  productivity	  per	  artisan.	  Apart	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  al.,	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  Electric	  Micro-­‐grids	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  World	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from	  the	  quantity,	  the	  quality	  and	  wider	  variety	  of	  goods	  produced	  contributed	  to	  improved	  revenues	  for	  SMEs.	  The	  largest	  single	  customer,	  Mpeketoni	  Secondary	  School,	  consumes	  nearly	  50%	  of	  the	  electricity	  used	  by	  all	  the	  households.50	  The	  availability	  of	  power	  at	  the	  Secondary	  School	  made	  it	  possible	  for	  teachers	  to	  provide	  extra	  teaching	  in	  the	  early	  mornings	  and	  late	  evenings	  to	  make	  up	  for	  material	  not	  adequately	  covered	  during	  normal	  teaching	  hours	  due	  to	  a	  lack	  of	  teachers.51	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  Charles	  Kirubi	  et	  al.,	  “Community-­‐Based	  Electric	  Micro-­‐grids	  Can	  Contribute	  to	  Rural	  Development:	  Evidence	  from	  Kenya.”	  World	  Development	  37.7	  (2009):	  1208-­‐1221.	  Web	  51	  Ibid.	  	  
Figure	  5	  –	  Summary	  of	  Electricity	  use	  at	  Mpeketoni	  Village,	  Kenya	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The	  Mpeketoni	  experience	  highlights	  the	  potential	  of	  alternative	  ways	  to	  accelerate	  rural	  electrification	  in	  Kenya.	  This	  approach	  involved	  the	  use	  of	  group-­‐based	  micro-­‐grids	  that	  are	  initiated	  and	  managed	  as	  common	  property	  resources.	  The	  Electricity	  Project	  demonstrated	  that	  such	  community-­‐led	  rural	  micro-­‐grids	  have	  the	  potential	  to	  cover	  a	  substantial	  proportion	  of	  the	  operating	  costs	  from	  internal	  revenue	  derived	  from	  sales	  of	  electricity	  and	  other	  charges.	  The	  traditional	  approach	  to	  service	  communities	  with	  electricity,	  grid	  extension,	  has	  been	  technically	  and	  financially	  inefficient	  in	  comparison	  to	  such	  micro-­‐grids.	  This	  is	  due	  to	  a	  combination	  of	  capital	  scarcity,	  insufficient	  energy	  service,	  reduced	  grid	  reliability,	  extended	  building	  times	  and	  construction	  challenges	  to	  connect	  remote	  areas.	  Adequately	  financed	  and	  operated	  micro-­‐grids	  utilizing	  renewable	  energy	  resources	  can	  overcome	  many	  of	  the	  challenges	  faced	  by	  traditional	  electrification	  strategies.	  	  Kenya	  envisions	  transforming	  itself	  into	  a	  newly	  industrializing,	  middle-­‐income	  country	  by	  2030	  with	  a	  globally	  competitive	  and	  prosperous	  economy,	  a	  high	  quality	  of	  life	  and	  a	  clean	  and	  secure	  environment.	  Regarding	  renewable	  energy	  development,	  Kenya	  was	  selected	  as	  one	  of	  the	  pilot	  countries	  to	  prepare	  Investment	  Plans	  for	  the	  Scaling	  up	  Renewable	  Energy	  in	  Low	  Income	  Countries	  Program	  (SREP).	  The	  $796	  million	  SREP	  program	  was	  a	  funding	  window	  of	  the	  Climate	  Investment	  Funds	  and	  was	  established	  to	  scale	  up	  the	  deployment	  of	  renewable	  energy	  solutions	  in	  the	  world’s	  poorest	  countries	  to	  increase	  energy	  access	  and	  economic	  opportunities.	  In	  accordance	  with	  the	  objectives	  and	  criteria	  of	  SREP,	  three	  projects	  were	  proposed	  to	  be	  SREP	  funded:	  200	  MW	  geothermal	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development,	  hybrid	  mini-­‐grid	  systems,	  and	  solar	  water	  heating.	  These	  projects	  were	  expected	  to	  bring	  transformative	  impacts	  on	  renewable	  energy	  development.52	  Kenya’s	  Least	  Cost	  Power	  Development	  Plan	  proposes	  the	  development	  of	  about	  5,000	  MW	  of	  electricity	  from	  geothermal	  by	  2030.	  The	  development	  of	  200	  MW	  in	  Menengai	  Field	  through	  SREP	  funding	  is	  part	  of	  the	  program.	  Menengai	  is	  the	  first	  field	  that	  is	  being	  developed	  solely	  by	  the	  newly	  established	  Geothermal	  Development	  Company	  (GDC)	  that	  is	  responsible	  for	  the	  scale-­‐up	  of	  geothermal	  development	  in	  Kenya.	  Electricity	  transmission	  for	  the	  proposed	  geothermal	  projects	  is	  planned	  in	  order	  to	  support	  the	  evacuation	  of	  the	  generated	  power.	  The	  transmission	  line	  project	  will	  specifically	  evacuate	  power	  from	  Menengai	  field	  to	  the	  national	  grid	  to	  improve	  power	  reliability,	  stability,	  and	  reduce	  system	  losses	  on	  the	  national	  grid.	  According	  to	  the	  SREP	  investment	  plan	  it	  will	  also	  facilitate	  the	  extension	  of	  the	  grid	  to	  other	  areas.53	  	  The	  SREP	  plan	  also	  calls	  for	  a	  Hybrid	  Mini-­‐grid	  Project	  to	  increase	  the	  proportion	  of	  renewable	  energy	  (solar	  and	  wind)	  in	  existing	  and	  planned	  mini-­‐grids	  to	  30	  percent.	  The	  Kenyan	  Government	  has	  initiated	  an	  incorporation	  of	  solar	  PV	  and	  wind	  systems	  in	  existing	  off-­‐grid	  diesel	  power	  plants	  in	  arid	  and	  semi-­‐arid	  areas	  to	  substitute	  part	  of	  the	  generation	  provided	  through	  fossil	  fuel.54	  In	  addition	  hybrid	  mini-­‐grids	  will	  replace	  the	  current	  operational	  model	  of	  unsustainable	  diesel-­‐based	  mini	  grid	  electricity	  supply,	  which	  is	  costly	  and	  not	  environmentally	  friendly.	  With	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  52	  “Scaling	  up	  Renewable	  Energy	  Program	  –	  Investment	  Plan	  for	  Kenya.”	  Government	  
of	  Kenya.	  (2013).	  53	  Ibid.	  54	  Ibid.	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the	  implementation	  of	  renewable	  hybrid	  systems,	  electricity	  becomes	  more	  affordable	  for	  the	  poor	  and	  more	  connections	  are	  enabled.	  The	  SREP	  project	  is	  expected	  to	  promote	  private	  sector	  participation	  in	  the	  isolated	  mini-­‐grids,	  and	  therefore	  a	  successful	  model	  will	  enable	  its	  replication	  in	  other	  parts	  of	  the	  country	  where	  rural	  populations	  remain	  far	  from	  the	  grid	  and	  without	  access	  to	  modern	  energy	  services.55	  A	  mini-­‐grid	  scenario	  similar	  to	  the	  experience	  of	  Mpeketoni	  with	  the	  utilization	  of	  renewable	  energy	  technologies	  instead	  of	  diesel,	  presents	  a	  vast	  opportunity	  for	  a	  sustainable	  energy	  access	  in	  rural	  Kenya.	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  Scaling	  up	  Renewable	  Energy	  Program	  –	  Investment	  Plan	  for	  Kenya.”	  Government	  
of	  Kenya.	  (2013).	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Chapter	  6	  –	  Case	  Study:	  Tanzania	  	   	   	   	   	  
	  
	  
	  The	  rural	  electrification	  program	  in	  Tanzania	  has	  been	  on-­‐going	  since	  the	  country	  obtained	  independence	  in	  1963,	  with	  the	  national	  utility,	  Tanzania	  Electric	  Supply	  Company	  Ltd.	  (TANESCO)	  being	  responsible	  for	  its	  implementation.	  Despite	  this	  continuous	  activity	  of	  TANESCO,	  Tanzania’s	  national	  electrification	  rate	  currently	  lies	  at	  a	  mere	  14%	  -­‐	  with	  less	  than	  3%	  with	  access	  in	  the	  rural	  areas.56	  Biomass	  fuel	  accounts	  for	  more	  than	  90%	  of	  total	  energy	  consumption	  with	  the	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  56	  “Energy	  Profile:	  Tanzania.”	  Reegle.	  REEEP	  Policy	  Database.	  Web.	  15	  Dec.	  2014	  *	  Combustible	  Renewables	  and	  Waste	  –	  Comprise	  solid	  biomass,	  liquid	  biomass,	  bios	  gas,	  industrial	  waste,	  and	  municipal	  waste.	  	  *	  Alternative	  and	  Nuclear	  Energy	  –	  Includes	  hydropower,	  nuclear,	  geothermal,	  solar,	  and	  other	  sources	  that	  do	  not	  produce	  carbon	  dioxide	  when	  generated.	  	  	  
Population	   49.25	  million	  
Rural	  Population	  (%	  of	  
Total	  Population)	  
70%	  
Current	  GDP	  (USD	  $)	   $33.23	  billion	  
GDP	  Growth	  (Annual	  %)	   7.0%	  
GDP	  Per	  Capita	  (USD	  $)	   $694.80	  
%	  of	  Population	  with	  
Energy	  Access	  
14.8%	  
CO2	  Emission	  (kt)	   6,846	  kt	  
Fossil	  Fuel	  Energy	  
Consumption	  (%	  of	  total	  
energy	  use)	  
10.7%	  
Combustible	  Renewable	  
and	  Waste	  (%	  of	  total	  
energy	  use)	  
88.2%	  
Alternative	  and	  Nuclear	  
Energy	  (%	  of	  total	  
energy	  use)	  
1.1%	  
Energy	  Imports,	  net	  (%	  
of	  energy	  use)	  
7%	  
*2013	  World	  Bank	  Data	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remaining	  energy	  sources	  being	  fossil	  fuels	  (6.6%),	  natural	  gas	  (1.5%),	  hydro	  (0.6%),	  and	  coal	  and	  peat	  (0.2%).	  Hydroelectricity	  is	  the	  most	  important	  source	  of	  commercial	  energy,	  contributing	  to	  the	  generation	  of	  about	  half	  of	  the	  nation’s	  electricity,	  but	  currently	  has	  only	  15%	  of	  the	  potential	  installed	  capacity	  developed.	  Since	  2006,	  the	  country	  has	  faced	  dramatic	  drought	  and	  the	  shortage	  of	  rainfall	  provides	  a	  severe	  hindrance	  to	  the	  generation	  of	  hydropower	  electricity.	  To	  meet	  growing	  demands	  and	  to	  supplement	  the	  limitations	  upon	  water	  resources	  as	  a	  power	  source,	  Tanzania	  has	  had	  to	  import	  a	  growing	  share	  of	  electricity	  from	  Zambia	  and	  Uganda.	  However,	  its	  domestic	  electricity	  supply	  is	  still	  vulnerable	  as	  delivery	  from	  these	  partners	  has	  been	  inconsistent	  and	  the	  country	  continues	  to	  suffer	  from	  frequent	  power	  outages.57	  	  	   The	  National	  Energy	  Policy	  for	  Tanzania	  was	  enacted	  in	  2003	  with	  the	  main	  objective	  of	  addressing	  national	  energy	  needs.	  Other	  objectives	  included	  developing	  domestic	  cost-­‐effective	  energy	  resources;	  improving	  reliability,	  efficiency,	  and	  security;	  and	  reducing	  forest	  depletion.	  The	  policy	  objectives	  are	  linked	  directly	  to	  climate	  change	  as	  one	  of	  the	  policy’s	  statements	  indicates	  one	  of	  its	  purposes	  is	  to	  “promote	  efficient	  biomass	  conversion	  and	  end	  use-­‐technologies	  in	  order	  to	  save	  resources;	  reduce	  the	  rate	  of	  deforestation	  and	  land	  degradation;	  and	  minimize	  threats	  of	  climate	  change.”58	  The	  National	  Energy	  Policy	  also	  recognizes	  that	  improved	  energy	  supply	  in	  the	  rural	  areas	  through	  public	  and	  private	  sector	  participation,	  will	  contribute	  to	  the	  improvement	  of	  the	  welfare	  of	  the	  rural	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  57	  Ibid.	  	  58	  “The	  United	  Republic	  of	  Tanzania	  National	  Energy	  Policy.”	  Ministry	  of	  Energy	  and	  
Minerals.	  (2003)	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populations	  and	  to	  the	  attainment	  of	  sustainable	  economic	  growth.	  For	  these	  reasons,	  the	  Rural	  Energy	  Agency	  (REA)	  was	  established	  and	  entrusted	  with	  the	  role	  of	  promoting,	  stimulating	  and	  facilitating	  improved	  access	  to	  modern	  energy	  services	  in	  rural	  areas	  where	  more	  than	  85%	  of	  Tanzanians	  live.59	  	  A	  case	  study	  presented	  in	  a	  2005	  issue	  of	  Energy	  Policy,	  provides	  an	  example	  of	  a	  rural	  electrification	  scheme	  involving	  the	  formation	  of	  an	  independent	  electrification	  co-­‐operative	  that	  was	  allowed	  to	  generate	  and	  distribute	  electric	  power	  and	  set	  their	  own	  tariffs	  in	  Tanzania.	  The	  pilot	  project,	  initiated	  in	  1993	  in	  the	  village	  of	  Urambo,	  was	  to	  be	  the	  first	  case	  of	  co-­‐operative	  management	  of	  electric	  power	  supply	  in	  the	  country.	  The	  main	  purpose	  of	  the	  project	  was	  to	  find	  out	  how	  much	  administrative,	  technical	  and	  financial	  support	  a	  new	  electrification	  co-­‐operative	  would	  need	  in	  order	  to	  survive	  and	  develop	  in	  a	  sustainable	  way.	  
Important issues to be studied were the ability and willingness of people in a rural 
community to pay the actual cost for electrification, the effect of electrification on 
the growth of income generating activities and the benefits to the community in 
general.60 The	  co-­‐operative	  received	  initial	  financial	  support	  for	  rehabilitation	  of	  a	  diesel	  power	  plant.	  In	  addition	  the	  national	  utility,	  Tanzania	  Electric	  Supply	  Company	  Limited	  (TANESCO),	  provided	  technical	  support	  and	  training	  for	  operators	  as	  well	  as	  an	  accountant.	  During 1994–1997, several visits were made to 
Urambo for monitoring the progress of the project. In 2002, a follow-up was made 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  59	  “The	  United	  Republic	  of	  Tanzania	  Rural	  Energy	  Act.”	  Ministry	  of	  Energy	  and	  
Minerals.	  (2005)	  60	  Elizabeth	  Ilskog	  et	  al.	  “Electrification	  Co-­‐operatives	  Bring	  New	  Light	  to	  Rural	  Tanzania.”	  Energy	  Policy	  33	  (2005):	  1299-­‐1307	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for evaluation of the performance of the co-operative. The results showed that 
despite a tariff more than 15 times higher than a nearby town serviced by 
TANESCO, the number of consumers continued to grow over the years. The 
Urambo Co-operative demonstrated that a village in Tanzania could manage its 
own electricity supply system if it is given adequate technical, management and 
financial support. The study provides insight into the potential success of co-
operative electrification schemes and how national governments can promote their 
development by providing utility companies with the incentives to support these 
initiatives.  	   Regarding	  renewable	  energy	  development,	  Tanzania	  was	  also	  selected	  as	  one	  of	  the	  pilot	  countries	  to	  prepare	  Investment	  Plans	  for	  the	  Scaling	  up	  Renewable	  Energy	  in	  Low	  Income	  Countries	  Program	  (SREP).	  The	  rationale	  for	  Tanzania	  to	  be	  chosen	  to	  participate	  in	  the	  program	  was	  based	  on	  the	  critical	  energy-­‐related	  challenges	  facing	  the	  country	  combined	  with	  efforts	  already	  undertaken	  by	  the	  Government	  of	  Tanzania	  to	  meet	  them.	  	  Key	  issues	  include	  a	  climate-­‐change	  induced	  energy	  crisis,	  high	  rates	  of	  energy	  poverty,	  high	  population	  and	  economic	  growth,	  rapidly	  increasing	  energy	  demand,	  and	  diverse	  and	  abundant	  renewable	  energy	  resources	  that	  remain	  largely	  untapped.	  Channeled	  through	  five	  multilateral	  development	  banks,	  SREP	  financing	  aims	  to	  pilot	  and	  demonstrate	  the	  economic,	  social,	  and	  environmental	  viability	  of	  low	  carbon	  development	  pathways	  building	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off	  national	  policies	  and	  existing	  energy	  initiatives.61	  The	  objective	  of	  the	  SREP-­‐Tanzania	  Investment	  Plan	  is	  to	  transform	  the	  country’s	  energy	  sector	  from	  one	  that	  is	  increasingly	  dependent	  on	  fossil	  fuels	  to	  one	  that	  is	  more	  balanced	  and	  diversified,	  with	  a	  greater	  share	  of	  renewable	  energy	  sources.	  	  	   Tanzania’s	  Power	  System	  Master	  Plan	  (2010)	  expects	  the	  country’s	  electricity	  access	  rate	  to	  rise	  from	  14.8%	  to	  75%	  by	  2035,	  while	  demand	  from	  connected	  customers	  is	  expected	  to	  grow	  significantly	  as	  the	  country	  progresses	  towards	  middle-­‐income	  status.	  Meeting	  this	  massive	  access	  and	  demand	  increase	  will	  require	  a	  greater	  diversification	  of	  generation	  sources	  and	  a	  favorable	  climate	  for	  private-­‐sector	  investment.	  Tanzania	  is	  endowed	  with	  abundant,	  high-­‐quality	  renewable	  resources,	  which	  could	  play	  a	  significant	  role	  in	  meeting	  the	  country’s	  energy	  needs.	  Currently	  renewable	  energy	  (excluding	  large	  hydro)	  accounts	  for	  only	  around	  4.9%	  of	  generation	  capacity.	  The	  government	  has	  set	  a	  target	  for	  this	  share	  of	  the	  energy	  mix	  to	  reach	  14%	  by	  the	  end	  of	  2015.62	  According	  to	  the	  SREP	  investment	  plan	  for	  Tanzania,	  achieving	  this	  goal	  and	  the	  overall	  enhancement	  of	  renewable	  energy	  sources	  requires	  the	  removal	  of	  key	  constraints	  including:	  -­‐ Institutional,	  Regulatory,	  and	  Legal	  
o Currently	  no	  Feed-­‐in	  Tariffs	  or	  other	  clear	  incentives	  for	  renewable	  energy	  larger	  than	  10	  MW	  
o There	  is	  no	  specific	  legal	  and	  regulatory	  framework	  in	  place	  for	  geothermal	  development	  
o Lack	  of	  incentive	  exists	  to	  develop	  mini-­‐grid	  projects	  due	  to	  uncertainty	  of	  grid	  expansion	  
o Unregulated	  biomass	  extraction	  from	  forests	  has	  lead	  to	  unsustainable	  harvesting	  of	  firewood	  and	  charcoal	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  61	  “Scaling	  up	  Renewable	  Energy	  in	  Low	  Income	  Countries	  Program.”	  Climate	  
Investment	  Funds.	  Web.	  1	  March	  2015	  62	  “Scaling	  up	  Renewable	  Energy	  Program	  –	  Investment	  Plan	  for	  Tanzania.”	  Ministry	  
of	  Energy	  and	  Minerals	  –	  Tanzania.	  (2013).	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   -­‐ Knowledge	  and	  Capacity	  
o Tanzania	  has	  limited	  experience	  in	  undertaking	  feasibility	  studies,	  detailed	  design,	  and	  construction	  for	  renewable	  energy	  power	  plants	  
o Most	  consumers	  are	  unaware	  of	  product	  standards,	  available	  technology	  choices,	  and	  efficient	  alternative	  production	  methods	  
o Banking	  Sector	  and	  investors	  have	  limited	  experience	  with	  financing	  renewable	  energy	  projects	  
	   -­‐ Economic	  and	  Financial	  
o Renewable	  Energy	  Projects	  typically	  have	  a	  high	  capital	  cost	  
o Typical	  financing	  instruments	  available	  on	  the	  Tanzanian	  market	  are	  not	  well	  suited	  to	  the	  development	  of	  renewable	  energy	  projects,	  which	  require	  low	  cost,	  long-­‐term	  debt.	  	  	  Given	  that	  Tanzania’s	  main	  electricity	  demand	  centers	  are	  located	  far	  from	  major	  gas	  and	  coal	  areas,	  the	  transmission	  costs	  and	  losses	  are	  bound	  to	  be	  high.	  This	  combined	  with	  the	  risks	  associated	  with	  over-­‐dependence	  on	  large	  hydro	  make	  a	  portfolio	  of	  diversified	  power	  sources	  with	  a	  wide	  geographical	  spread	  highly	  desirable.	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Chapter	  7	  –	  Case	  Study:	  Ethiopia	  
	  
	  	  	   With	  a	  population	  of	  approximately	  94	  million,	  Ethiopia	  is	  the	  most	  populous	  country	  of	  the	  three	  case	  studies	  presented	  in	  this	  thesis.	  The	  vast	  majority	  of	  the	  Ethiopian	  population	  (approximately	  81%)	  lives	  in	  rural	  areas,	  where	  modern	  energy	  services	  are	  rarely	  available.	  Despite	  85%	  of	  the	  urban	  population	  having	  access	  to	  electricity,	  only	  4.8%	  of	  the	  rural	  population	  has	  electricity,	  bringing	  the	  country	  total	  access	  rate	  to	  23%.63	  While	  many	  nations	  in	  Sub-­‐Saharan	  Africa	  face	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  63	  World	  Bank	  Energy	  Data	  –	  2013	  Energy	  Access	  (%	  of	  Population)	  *	  Combustible	  Renewables	  and	  Waste	  –	  Comprise	  solid	  biomass,	  liquid	  biomass,	  bios	  gas,	  industrial	  waste,	  and	  municipal	  waste.	  	  *	  Alternative	  and	  Nuclear	  Energy	  –	  Includes	  hydropower,	  nuclear,	  geothermal,	  solar,	  and	  other	  sources	  that	  do	  not	  produce	  carbon	  dioxide	  when	  generated.	  	  	  
Population	   94.10	  million	  
Rural	  Population	  (%	  of	  total	  
population)	  
81%	  
Current	  GDP	  (USD	  $)	   $47.5	  billion	  
GDP	  Growth	  (Annual	  %)	   10.5%	  
GDP	  Per	  Capita	  (USD	  $)	   $505	  
%	  of	  Population	  with	  Energy	  
Access	  
23%	  
CO2	  emission	  (kt)	   6,494	  kt	  
Fossil	  Fuel	  Energy	  
Consumption	  (%	  of	  total)	  
5.7%	  
Combustible	  Renewables	  and	  
Waste	  (%	  of	  total	  energy	  use)	  
92.9%	  
Alternative	  and	  Nuclear	  
Energy	  (%	  of	  total	  energy	  use)	  
1.3%	  
Energy	  Imports,	  net	  (%	  of	  
energy	  use)	  
6%	  
*2013	  World	  Bank	  Data	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similar	  challenges,	  Ethiopia	  ranks	  particularly	  low	  in	  terms	  of	  energy	  progress,	  62nd	  out	  of	  64	  countries	  on	  the	  International	  Energy	  Agency	  2011	  Energy	  Development	  Index	  (EDI).64	  The	  Energy	  Development	  Index	  was	  devised	  by	  the	  IEA	  in	  order	  to	  better	  understand	  the	  role	  that	  energy	  plays	  in	  human	  development.	  It	  is	  an	  indicator	  that	  tracks	  progress	  in	  a	  country’s	  transition	  to	  the	  use	  of	  modern	  fuels,	  helps	  measure	  energy	  poverty,	  and	  provides	  an	  analytical	  basis	  for	  policy-­‐making.	  The	  EDI	  is	  calculated	  in	  such	  a	  way	  as	  to	  mirror	  the	  United	  Nations	  Development	  Programme	  (UNDP)	  Human	  Development	  Index	  and	  is	  composed	  of	  four	  indicators:	  -­‐ Per	  capita	  commercial	  energy	  consumption:	  which	  serves	  as	  an	  indicator	  of	  the	  overall	  economic	  development	  of	  a	  country.	  	  	  -­‐ Per	  capita	  electricity	  consumption	  in	  the	  residential	  sector:	  which	  serves	  as	  an	  indicator	  of	  the	  reliability	  of,	  and	  the	  consumer’s	  ability	  to	  pay	  for,	  electricity	  services	  	  -­‐ Share	  of	  modern	  fuels	  in	  total	  residential	  sector	  energy	  use:	  which	  serves	  as	  an	  indicator	  of	  the	  level	  of	  access	  to	  clean	  cooking	  facilities	  	   -­‐ Share	  of	  population	  with	  access	  to	  electricity	  	  By	  comparison	  Kenya	  and	  Tanzania	  rank	  59th	  and	  60th	  respectively	  on	  the	  Energy	  Development	  Index	  indicating	  that	  the	  energy	  issue	  is	  a	  regional	  problem	  with	  Ethiopia	  slightly	  lagging	  behind	  its	  East	  African	  neighbors.	  	  	   	   Currently,	  Ethiopia	  has	  approximately	  2,000	  MW	  of	  installed	  power	  generating	  capacity,	  out	  of	  which	  1,980	  MW	  (99%)	  is	  generated	  from	  hydropower	  plants.	  The	  remaining	  12	  MW	  (0.6%)	  and	  8	  MW	  (0.4%)	  come	  from	  thermal	  and	  geothermal	  sources	  respectively.	  	  According	  to	  Ethiopia’s	  five	  year	  Growth	  and	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  “2011	  Energy	  Development	  Index.	  International	  Energy	  Agency.	  Web.	  1	  March	  2015	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Transformation	  Plan	  (GTP),	  the	  country’s	  installed	  electricity	  generating	  capacity	  is	  expected	  to	  reach	  10,000	  MW	  by	  the	  end	  of	  2015	  and	  electricity	  coverage	  of	  the	  country	  to	  reach	  75%	  access.	  The	  GTP	  plan	  was	  an	  ambitious	  five-­‐year	  growth	  plan,	  with	  projected	  GDP	  growth	  of	  11-­‐15%	  per	  year	  from	  2010	  through	  2015.	  	  Some	  of	  the	  key	  attributes	  of	  the	  plan	  include:	  	  -­‐ Vast	  investment	  opportunities	  in	  the	  agricultural	  and	  industrial	  sectors	  -­‐ Electricity:	  Power	  generation	  to	  quadruple	  from	  2,000	  to	  10,000	  MW	  alongside	  82,500	  miles	  of	  new	  power	  distribution	  lines	  -­‐ Rehabilitation	  of	  4,800	  miles	  of	  power	  transmission	  lines	  -­‐ Renewable	  Energy:	  Seeking	  investment	  in	  renewable	  energy	  projects	  involving	  hydro,	  wind,	  geothermal,	  and	  biofuels	  to	  lift	  this	  generation	  boom.	  	  	  The	  GTP	  plan	  is	  a	  work	  in	  progress	  and	  it	  remains	  to	  be	  seen	  whether	  it	  will	  achieve	  its	  intended	  goal	  of	  10,000	  MW	  of	  electricity	  generating	  capacity	  by	  the	  end	  of	  2015.	  In	  the	  four	  years	  since	  the	  GTP	  plan	  was	  implemented,	  the	  overall	  power	  generating	  capacity	  only	  increased	  by	  177MW	  (8.9%)	  from	  2000	  MW	  in	  2010.	  In	  the	  2013	  reporting	  period,	  no	  additional	  power	  generating	  capacity	  was	  commissioned.	  According	  to	  the	  Growth	  and	  Transformation	  Plan	  annual	  progress	  report,	  all	  the	  power	  projects	  (designed	  to	  generate	  the	  additional	  capacity	  of	  8,000	  MW)	  are	  progressing	  as	  per	  the	  plan.	  These	  projects	  include:	  
Project	  Name	   Power	  
Generating	  
Capacity	  
2012	  Project	  
Completion	  
Percentage	  
2013	  Project	  
Completion	  
Percentage	  
Percentage	  
Increase	  Grand	  Renaissance	  Dam	   6,000	  MW	   9.7%	   23.89%	   14.9%	  Gilgel	  Gibe	  III	   1,780	  MW	   60.7%	   75.46%	  	   14.76%	  Ashegoda	  Wind	  Project	   120	  MW	   84.5%	   98.84%	   14.34%	  Genale-­‐3	   254	  MW	   -­‐-­‐-­‐-­‐	   32.54%	   -­‐-­‐-­‐-­‐	  Aluto	  Geothermal	   70	  MW	   -­‐-­‐-­‐-­‐	   57.5%	   -­‐-­‐-­‐-­‐	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• Figure	  6	  -­‐	  Source:	  2014	  GTP	  Annual	  Progress	  Report	  	   	   In	  addition	  to	  the	  substantial	  growth	  planned	  for	  power	  generation,	  the	  Growth	  and	  Transformation	  Plan	  was	  to	  implement	  the	  construction	  of	  thousands	  of	  miles	  of	  new	  power	  distribution	  lines,	  and	  the	  rehabilitation	  of	  existing	  power	  transmission	  lines.	  Since	  the	  implementation	  of	  the	  GTP	  the	  total	  transmission	  lines	  was	  planned	  to	  increase	  from	  11,440	  km	  in	  2010	  to	  15,120	  km	  by	  2013	  by	  constructing	  3,680	  km	  of	  additional	  lines.	  The	  actual	  accomplishment	  was	  only	  1,385	  km	  (37.6%)	  and	  accordingly	  the	  total	  power	  transmission	  lines	  increased	  to	  12,825	  km.65	  With	  regard	  to	  solar	  energy,	  the	  target	  was	  to	  distribute	  and	  install	  627,417	  solar	  energy	  technologies	  in	  2012/13,	  but	  the	  achievement	  was	  only	  120,777	  (19.25%	  of	  the	  target).	  In	  the	  four	  years	  since	  the	  GTP	  plan	  was	  implemented	  the	  installation	  of	  solar	  energy	  technologies	  has	  only	  reached	  614,399	  (52%)	  of	  the	  targeted	  total	  of	  1,184,480.	  The	  2014	  GTP	  progress	  report	  states	  that	  the	  achievements	  registered	  in	  the	  last	  four	  years	  in	  solar	  energy	  distribution	  and	  installation	  is	  encouraging	  but	  “clearly	  requires	  additional	  efforts	  to	  fully	  achieve	  the	  targets	  set	  in	  the	  GTP.”66	  Concerning	  electricity	  generation,	  renewable	  energy	  in	  Ethiopia	  has	  predominantly	  focused	  on	  large	  hydropower	  with	  much	  of	  the	  solar,	  wind,	  and	  small	  hydropower	  potential	  yet	  to	  be	  developed.	  The	  most	  notable	  large	  hydropower	  project	  is	  the	  6,000	  MW	  Grand	  Ethiopian	  Renaissance	  Dam	  on	  the	  Blue	  Nile,	  the	  subject	  of	  an	  intense	  diplomatic	  dispute	  with	  Egypt	  and	  strong	  criticism	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  “Federal	  Republic	  of	  Ethiopia	  –	  Growth	  and	  Transformation	  Plan	  Annual	  Progress	  Report	  F.Y	  2012/13.”	  Ministry	  of	  Finance	  and	  Economic	  Development.	  (2014).	  Web.	  1	  March	  2015.	  	  66	  Ibid	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from	  environmental	  groups.	  The	  conflict	  with	  Egypt	  is	  because	  the	  Blue	  Nile	  is	  a	  tributary	  that	  contributes	  most	  of	  the	  water	  flowing	  into	  the	  Nile	  River,	  heightening	  concerns	  that	  it	  could	  threaten	  Egypt’s	  most	  vital	  natural	  resource.	  Building	  the	  vast	  reservoir	  needed	  to	  generate	  maximum	  power	  poses	  some	  risks	  to	  Egypt	  and	  Sudan,	  as	  it	  will	  temporarily	  lessen	  the	  flow	  downstream.	  Depending	  on	  how	  long	  it	  takes	  to	  fill	  the	  reservoir	  (estimates	  indicate	  roughly	  5-­‐7	  years),	  the	  Nile	  flow	  into	  Egypt	  could	  be	  cut	  by	  12-­‐25%	  during	  the	  filling	  period.	  Hydrologists	  estimate	  that	  the	  reservoir	  could	  evaporate	  3	  billion	  cubic	  meters	  of	  water	  a	  year	  –	  three	  times	  Egypt’s	  annual	  rainfall,	  and	  enough	  to	  meet	  the	  basic	  needs	  of	  up	  to	  half	  a	  million	  people.67	  	  The	  present	  energy-­‐mix	  greatly	  increases	  vulnerability	  to	  drought,	  an	  increasingly	  risky	  scenario	  due	  to	  climate	  change.	  	  Falling	  reservoir	  levels	  due	  to	  drought	  may	  in	  turn	  affect	  Ethiopian	  electricity	  consumers	  and	  export	  revenues.	  Even	  without	  drought,	  the	  overall	  electricity	  losses	  through	  transmission	  and	  distribution	  in	  Ethiopia	  are	  around	  20%,	  much	  higher	  than	  the	  international	  average	  of	  12-­‐13%.68	  Most	  of	  the	  loss	  happens	  during	  distribution	  from	  the	  national	  grid	  to	  the	  end	  users.	  This	  lack	  of	  efficiency	  is	  harmful	  to	  the	  overall	  power	  system	  but	  oftentimes	  the	  poorest	  segment	  of	  the	  population	  is	  the	  most	  vulnerable.	  	  Another	  major	  problem	  for	  Ethiopia	  is	  that	  biomass,	  which	  covers	  the	  majority	  of	  Ethiopia’s	  primary	  energy	  demand,	  is	  used	  in	  a	  very	  inefficient	  way,	  leading	  to	  deforestation	  and	  further	  environmental	  problems	  like	  soil	  erosion.	  Ultimately	  it	  is	  the	  lack	  of	  access	  to	  modern	  energy	  services	  and	  an	  inefficient	  power	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  67	  “The	  Grand	  Ethiopian	  Renaissance	  Dam.”	  International	  Rivers.	  Web.	  3	  Mar.	  2015	  68	  “Energy	  Profile:	  Ethiopia.”	  Reegle.	  REEEP	  Policy	  Database.	  Web.	  15	  Dec.	  2014	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system	  that	  leads	  to	  an	  increase	  in	  traditional	  biomass	  use.	  This	  is	  utilized	  to	  meet	  immediate	  energy	  demands	  but	  its	  general	  use	  leads	  to	  unsustainable	  environmental	  harm.	  Low-­‐energy	  consumption	  and	  the	  use	  of	  renewable	  energy	  are	  important	  indicators	  for	  an	  environment-­‐friendly	  and	  sustainable	  energy	  supply.69	  	  A	  paper	  published	  by	  the	  Stockholm	  Environment	  Institute,	  entitled	  “Mainstreaming	  Sustainable	  Energy	  Access	  into	  National	  Development	  Planning:	  The	  Case	  of	  Ethiopia,”	  highlights	  the	  progress	  Ethiopia	  has	  made	  in	  recent	  years	  in	  expanding	  energy	  access,	  but	  the	  country’s	  experience	  also	  shows	  the	  many	  challenges	  in	  providing	  sustainable	  energy	  for	  all.	  	  Even	  though	  the	  government	  has	  recognized	  the	  importance	  of	  energy	  access	  in	  rural	  areas	  the	  efforts	  to	  enhance	  access	  have	  focused	  primarily	  on	  grid	  extension.	  Off-­‐grid	  options	  have	  been	  slow	  to	  take	  hold	  due	  to	  limited	  funding,	  lack	  of	  private-­‐sector	  engagement,	  and	  a	  lack	  of	  government	  leadership	  and	  institutional	  capacity.70	  Ethiopia,	  like	  its	  East	  African	  neighbors,	  was	  selected	  for	  the	  Scaling	  up	  Renewable	  Energy	  in	  Low	  Income	  Countries	  Program	  (SREP).	  The	  aim	  was	  to	  increase	  the	  dissemination	  of	  renewable	  energy	  technologies	  and	  increase	  access	  to	  modern	  energy	  sources	  in	  order	  to	  reduce	  the	  deforestation	  rate	  and	  mitigate	  carbon	  emissions.	  The	  plan	  also	  called	  for	  the	  adoption	  of	  implementation	  strategies	  that	  provide	  access	  to	  electricity	  for	  rural	  towns	  and	  villages,	  commercial	  agricultural	  production,	  and	  irrigation	  pumping.	  Equitable	  distribution	  of	  services	  to	  the	  rural	  economy	  agricultural	  and	  other	  sectors’	  development	  would	  have	  a	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  69	  Ibid.	  70	  Zereay	  Tessama	  et	  al.,	  “Mainstreaming	  Sustainable	  Energy	  Access	  into	  National	  Development	  Planning:	  the	  Case	  of	  Ethiopia.”	  Stockholm	  Environment	  Institute	  
(2013):	  1-­‐30.	  Web	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beneficial	  effect	  nationally.	  A	  successful	  implementation	  of	  the	  SREP	  program	  will	  pave	  the	  way	  for	  diversifying	  the	  energy	  mix	  of	  the	  national	  power	  system	  by	  incorporating	  geothermal	  and	  wind	  power,	  thereby	  increasing	  the	  system’s	  reliability.	  It	  will	  also	  accelerate	  the	  electrification	  of	  the	  country	  by	  making	  more	  energy	  available	  in	  the	  system.	  However,	  as	  seen	  in	  Figure	  7,	  the	  current	  and	  future	  generation	  composition	  of	  the	  power	  system	  is	  still	  heavily	  composed	  of	  hydropower	  with	  a	  majority	  of	  the	  new	  energy	  development	  projects	  featuring	  large	  hydropower.	  	  
Figure	  7	  –	  Current	  and	  Future	  Generation	  Composition	  of	  the	  Power	  System
	  
• Source	  -­‐	  Scaling	  up	  Renewable	  Energy	  Program	  –	  Investment	  Plan	  for	  Ethiopia.”	  Ministry	  of	  Water	  and	  Energy	  –Ethiopia.	  (2013).	  	   To	  ensure	  a	  reliable	  electricity	  supply	  and	  transmit	  the	  electric	  power	  efficiently	  and	  economically	  to	  consumers,	  the	  plan	  requires	  the	  construction	  of	  reliable	  distribution	  and	  transmission	  networks.	  To	  this	  end,	  due	  emphasis	  will	  be	  given	  in	  the	  Universal	  Electrification	  Access	  Program	  to	  construct	  new	  transmission	  lines	  and	  connect	  them	  to	  the	  national	  grid	  as	  economically	  as	  possible	  while	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reducing	  power	  losses.	  Further	  implementation	  strategies	  are	  to	  minimize	  the	  cost	  of	  construction	  of	  transmission	  lines,	  improve	  control	  of	  power	  sources	  and	  construct	  additional	  transmission	  substations	  so	  as	  to	  achieve	  efficient	  power	  distribution.71	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  Scaling	  up	  Renewable	  Energy	  Program	  –	  Investment	  Plan	  for	  Ethiopia.”	  Ministry	  of	  
Water	  and	  Energy	  –Ethiopia.	  (2013).	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Chapter	  8	  -­‐	  Conclusion	  Upon	  review	  of	  the	  current	  energy	  policy	  and	  the	  rural	  electrification	  programs	  in	  the	  East	  African	  region	  it	  is	  clear	  that	  initial	  steps	  have	  been	  made	  to	  enhance	  electricity	  access	  and	  to	  incorporate	  the	  usage	  of	  renewable	  energy	  sources.	  This	  has	  been	  a	  result	  of	  enhanced	  efficiency	  and	  affordability	  of	  renewable	  energy	  technology;	  the	  support	  of	  multilateral	  development	  banks	  through	  the	  Scaling	  up	  Renewable	  Energy	  in	  Low	  Income	  Countries	  program	  (SREP);	  and	  the	  need	  to	  address	  the	  growing	  energy	  demand	  to	  ensure	  a	  sustainable	  future.	  The	  success	  between	  the	  three	  country	  case	  studies	  has	  varied	  but	  recent	  trends	  indicate	  that	  there	  is	  a	  shift	  away	  from	  the	  traditional	  approach	  of	  rural	  electrification,	  centralized	  grid	  extension,	  to	  off-­‐grid	  generation.	  	  The	  current	  shortage	  of	  essential	  electricity	  infrastructure	  in	  East	  Africa	  is	  undermining	  efforts	  to	  achieve	  more	  rapid	  social	  and	  economic	  growth.	  With	  the	  assistance	  of	  SREP	  financing	  the	  governments	  of	  Kenya,	  Tanzania,	  and	  Ethiopia	  aim	  to	  pilot	  and	  demonstrate	  the	  economic,	  social	  and	  environmental	  viability	  of	  low	  carbon	  development	  pathways	  building	  off	  of	  existing	  national	  policies	  and	  energy	  initiatives.	  The	  energy	  policy	  of	  these	  countries	  has	  evolved	  to	  enhance	  the	  overall	  energy	  mix	  and	  transform	  the	  energy	  sector	  from	  one	  that	  is	  highly	  dependent	  on	  fossil	  fuels	  and	  hydropower	  to	  one	  that	  is	  more	  balanced	  and	  diversified.	  Although	  this	  will	  increase	  the	  reliability	  of	  the	  grid	  and	  limit	  the	  environmental	  impact,	  it	  does	  not	  sufficiently	  address	  the	  needs	  of	  those	  currently	  living	  off-­‐grid.	  	  To	  address	  the	  energy	  needs	  of	  the	  remote	  rural	  areas	  it	  is	  recommended	  for	  each	  of	  these	  nations,	  as	  well	  as	  all	  other	  countries	  in	  East	  Africa,	  to	  create	  a	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favorable	  policy	  environment	  for	  the	  advancement	  of	  mini-­‐grids	  by	  removing	  existing	  policy	  and	  regulatory	  barriers.	  	  Mini-­‐grids	  provide	  potential	  opportunities	  over	  grid-­‐connected	  electrification,	  such	  as	  enhanced	  reliability	  of	  supply,	  lower	  costs	  in	  remote	  locations,	  and	  better	  environmental	  performance.	  According	  to	  the	  Global	  Village	  Energy	  Project	  (GVEP),	  the	  successful	  development	  of	  mini-­‐grids	  requires	  a	  favorable	  policy	  environment	  involving	  changes	  to	  national	  laws	  that	  currently	  favor	  grid	  electrification.	  Design	  should	  be	  based	  on	  a	  detailed	  analysis	  of	  local	  context	  including	  natural	  resources,	  supply	  chains,	  energy	  demand	  and	  current/future	  energy	  policies.	  Energy	  policies	  need	  to	  be	  linked	  to	  wider	  rural	  development	  strategies	  in	  order	  to	  match	  demand	  and	  should	  secure	  sustainable	  finance	  to	  cover	  upfront	  costs.	  	  Most	  African	  countries	  now	  have	  rural	  electrification	  plans	  but	  many	  of	  them	  still	  favor	  grid	  connection.	  Where	  they	  refer	  to	  decentralized	  energy	  systems,	  they	  often	  lack	  detail,	  preventing	  proper	  planning	  for	  mini-­‐grids.	  Of	  the	  three	  countries	  presented	  in	  this	  thesis,	  only	  Kenya’s	  policy	  had	  specifics	  on	  the	  development	  and	  viability	  of	  hybrid	  mini-­‐grid	  systems.	  The	  SREP	  plan	  called	  for	  a	  Hybrid	  Mini-­‐grid	  Project	  to	  increase	  the	  proportion	  of	  renewable	  energy	  (solar	  and	  wind)	  in	  existing	  and	  planned	  mini-­‐grids	  to	  30	  percent.	  In	  addition	  hybrid	  mini-­‐grids	  will	  replace	  the	  current	  operational	  model	  of	  unsustainable	  diesel-­‐based	  mini-­‐grid	  electricity	  supply,	  which	  is	  both	  costly	  and	  not	  environmentally	  friendly.	  The	  SREP	  project	  is	  expected	  to	  promote	  private	  sector	  participation	  in	  the	  isolated	  mini-­‐grids,	  and	  therefore	  a	  successful	  model	  will	  enable	  its	  replication	  in	  other	  parts	  of	  the	  country	  where	  rural	  populations	  remain	  far	  from	  the	  grid	  and	  without	  access	  to	  modern	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energy	  services.	  With	  the	  implementation	  of	  renewable	  hybrid	  systems,	  electricity	  becomes	  more	  affordable	  for	  the	  poor	  and	  more	  connections	  are	  enabled.	  	  The	  governments	  of	  Ethiopia	  and	  Tanzania	  have	  also	  placed	  substantial	  investments	  in	  the	  energy	  sector	  with	  clear	  visions	  to	  enhance	  the	  overall	  power	  generation	  capacity	  of	  their	  respective	  nations.	  Tanzanian	  energy	  policy	  does	  not	  directly	  advocate	  for	  the	  advancement	  of	  mini-­‐grids	  but	  evidence	  from	  a	  case	  study	  presented	  in	  a	  2005	  issue	  of	  Energy	  Policy,	  provides	  an	  example	  of	  a	  rural	  electrification	  scheme	  involving	  the	  formation	  of	  an	  independent	  electrification	  co-­‐operative.	  The	  Tanzanian	  village	  of	  Urambo	  formed	  a	  co-­‐operative	  that	  was	  allowed	  to	  generate	  and	  distribute	  electric	  power	  and	  set	  their	  own	  tariffs.	  The	  co-­‐operative	  received	  initial	  financial	  support	  for	  rehabilitation	  of	  a	  diesel	  power	  plant.	  In	  addition	  the	  national	  utility,	  Tanzania	  Electric	  Supply	  Company	  Limited	  (TANESCO),	  provided	  technical	  support	  and	  training	  for	  operators	  as	  well	  as	  an	  accountant.	  The	  Urambo	  Co-­‐operative	  demonstrated	  that	  a	  village	  in	  Tanzania	  could	  manage	  its	  own	  electricity	  supply	  system	  if	  it	  is	  given	  adequate	  technical,	  management	  and	  financial	  support.	  The	  study	  provided	  insight	  into	  the	  potential	  success	  of	  co-­‐operative	  electrification	  schemes	  and	  how	  the	  Tanzania	  can	  promote	  their	  development	  by	  providing	  utility	  companies	  with	  the	  incentives	  to	  support	  these	  initiatives.	  	  Interestingly,	  the	  co-­‐operative	  initiative	  demonstrated	  in	  Urambo	  parallels	  some	  of	  the	  efforts	  of	  the	  Rural	  Electrification	  Administration	  in	  the	  United	  States	  in	  the	  1930s.	  The	  REA	  was	  essentially	  a	  government-­‐financing	  agency	  providing	  subsidized	  loans	  to	  private	  companies,	  public	  agencies,	  or	  cooperatives	  for	  the	  construction	  of	  electrical	  supply	  infrastructure	  in	  rural	  regions.	  These	  loans	  were	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guaranteed	  by	  the	  federal	  government,	  had	  an	  attractive	  interest	  rate,	  and	  a	  generous	  repayment	  schedule	  of	  twenty-­‐five	  years.	  REA	  loans	  fostered	  the	  incentive	  for	  rural	  electric	  cooperatives	  to	  form	  and	  connect	  to	  the	  existing	  electrical	  network	  at	  rates	  comparable	  to	  the	  national	  average.	  Cooperatives	  were	  not-­‐for	  profit	  consumer-­‐owned	  firms	  organized	  to	  provide	  electric	  service	  to	  member	  customers.	  The	  government	  of	  Tanzania,	  and	  its	  own	  REA,	  should	  enact	  similar	  policies	  to	  encourage	  the	  growth	  of	  mini-­‐grid	  electric	  cooperatives	  rather	  than	  simply	  adding	  new	  customers	  to	  the	  existing	  grid-­‐network.	  	  	   Of	  the	  three	  countries	  presented	  in	  this	  thesis,	  Ethiopia’s	  energy	  policy	  demonstrated	  the	  least	  efforts	  to	  diversify	  the	  energy	  mix	  and	  to	  encourage	  the	  uptake	  of	  mini-­‐grids.	  The	  massive	  hydropower	  projects,	  although	  intended	  to	  enhance	  the	  overall	  power	  capacity,	  are	  still	  very	  likely	  to	  be	  highly	  susceptible	  to	  drought	  and	  thus	  function	  irregularly.	  In	  addition,	  it	  has	  also	  caused	  a	  regional	  geopolitical	  dispute	  with	  Egypt	  and	  is	  bound	  to	  continue	  to	  receive	  some	  continued	  backlash.	  Due	  to	  the	  limited	  energy	  mix	  diversity,	  lack	  of	  policy	  favoring	  mini-­‐grids,	  reliance	  on	  grid	  extension	  programs	  and	  overly	  ambitious	  estimated	  energy	  sector	  growth,	  it	  can	  be	  predicted	  that	  Ethiopia	  will	  fall	  behind	  its	  East	  African	  neighbors	  in	  growth	  of	  energy	  access	  and	  reliability.	  	  Due	  to	  sustainability	  considerations,	  energy	  planning	  must	  increasingly	  consider	  demand-­‐side	  options,	  social	  and	  environmental	  aspects,	  and	  associated	  costs.	  The	  required	  expansion	  and	  adaptation	  of	  the	  traditional	  approach	  to	  energy	  planning	  needs	  to	  incorporate	  a	  more	  active	  role	  for	  demand,	  linkages	  with	  storage,	  and	  the	  integration	  of	  mini-­‐grids	  into	  grid	  extension	  plans.	  Ultimately	  the	  use	  of	  Smart	  grids	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can	  accelerate	  national	  electrification	  timeframes,	  while	  improving	  service	  and	  minimizing	  costs	  and	  environmental	  impact.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  65	  
References	  Barber,	  D.A.	  “Rare	  Earth	  Mineral	  Supply	  for	  PVs	  at	  Risk.”	  Energy	  Trend.	  Web.	  3	  March	  2015.	  	  Bazilian	  et	  al.	  “Smart	  and	  Just	  Grids:	  Opportunities	  for	  Sub-­‐Saharan	  Africa.”	  Imperial	  
College	  London	  –	  Energy	  Futures	  Lab.	  (2011):	  1-­‐32.	  Web.	  	  Bekele,	  Getachew	  and	  Getnet	  Tadesse.	  “Feasibility	  Study	  of	  Small	  Hydro/PV/Wind	  	   Hybrid	  Systems	  for	  Off-­‐grid	  Rural	  Electrification	  in	  Ethiopia.”	  Applied	  Energy	  	  	   97	  (2012):	  5-­‐15	  Brent,	  Alan	  Colin	  and	  David	  E.	  Rogers.	  “Renewable	  Rural	  Electrification:	   Sustainability	  Assessment	  of	  Mini-­‐hybrid	  Off-­‐grid	  Technological	  Systems	  in	   the	  African	  Context.”	  Renewable	  Energy	  35	  (2010):	  257-­‐265.	  Web.	  	  Brown,	  D.C.	  Electricity	  for	  Rural	  America.	  Westport,	  CT:	  Greenwood	  Press,	  1980.	  Cho,	  Renee.	  “Rare	  Earth	  Metals:	  Will	  We	  Have	  Enough?”	  State	  of	  the	  Planet	  –	  
Columbia	  University	  Earth	  Institute.	  3	  March	  2015.	  	  Cooke,	  Morris	  L.	  “The	  Early	  Days	  of	  the	  Rural	  Electrification	  Idea,	  1914-­‐1936”	  
American	  Political	  Science	  Review	  42	  (June	  1948)	  “Energy	  Profile:	  Ethiopia.”	  Reegle.	  REEEP	  Policy	  Database.	  Web.	  15	  Dec.	  2014	  “Energy	  Profile:	  Kenya.”	  Reegle.	  REEEP	  Policy	  Database.	  Web.	  15	  Dec.	  2014	  “Energy	  Profile:	  Tanzania.”	  Reegle.	  REEEP	  Policy	  Database.	  Web.	  15	  Dec.	  2014	  “Federal	  Republic	  of	  Ethiopia	  –	  Growth	  and	  Transformation	  Plan	  Annual	  Progress	  Report	  F.Y	  2012/13.”	  Ministry	  of	  Finance	  and	  Economic	  Development.	  (2014).	  Web.	  1	  March	  2015.	  
	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  66	  
Global	  Village	  Energy	  Partnership.	  “The	  History	  of	  Mini-­‐Grid	  Development	  in	   	  	   Developing	  Countries.”	  GVEP	  International	  Policy	  Briefing	  (2011):	  1-­‐9.	  Web	  The	  Grand	  Ethiopian	  Renaissance	  Dam.”	  International	  Rivers.	  Web.	  3	  Mar.	  2015	  Ilskog,	  Elizabeth;	  Kjellstrom,	  Bjorn;	  Gullberg,	  Monica;	  Katyega	  Maneno	  and	  William	   Chambala.	  “Electrification	  Co-­‐operatives	  Bring	  New	  Light	  to	  Rural	  Tanzania.”	  	   Energy	  Policy	  33	  (2005):	  1299-­‐1307	  International	  Energy	  Agency.	  “Africa	  Energy	  Outlook:	  A	  Focus	  on	  Energy	  Prospects	   in	  Sub-­‐Saharan	  Africa.”	  IEA	  World	  Energy	  Outlook	  (2014):	  1-­‐242.	  Web	  International	  Energy	  Agency.	  2011	  Energy	  Development	  Index.	  International	  Energy	  
Agency.	  Web.	  1	  March	  2015	  Kirubi,	  Charles;	  Jacobson	  Arne;	  Kammen,	  Daniel	  and	  Andrew	  Mills.	  “Community-­‐Based	  Electric	  Micro-­‐grids	  Can	  Contribute	  to	  Rural	  Development:	  Evidence	  from	  Kenya.”	  World	  Development	  37.7	  (2009):	  1208-­‐1221.	  Web.	  	  Owen,	  Edward	  L.	  “Rural	  Electrification:	  The	  Long	  Struggle.”	  Industry	  Applications	  
	   Magazine,	  IEEE	  4.3	  (1998):	  6-­‐17.	  Web.	  	  Mahapatra,	  Sadhan	  and	  S.	  Dasappa.	  “Rural	  Electrification:	  Optimizing	  the	  Choice	  	   Between	  Decentralized	  Renewable	  Energy	  Sources	  and	  Grid	  Extension.”	  	  
	   Energy	  for	  Sustainable	  Development	  16	  (2012)	  146-­‐154	  Malone,	  Laurence	  J.	  “Rural	  Electrification	  Administration.”	  Economic	  History	  
Association.	  Web.	  18	  Feb.	  2015	  Pellegrini,	  Lorenzo	  and	  Luca	  Tasciotti.	  “Rural	  Electrification	  Now	  and	  Then:	  	   Comparing	  Contemporary	  Challenges	  in	  Developing	  Countries	  to	  the	  USA’s	  	   Experience	  in	  Retrospect.”	  Forum	  for	  Development	  Studies	  (2012):	  1-­‐24.	  Web	  
	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  67	  
Practical	  Action.	  “Biogas–	  Technical	  Brief.”	  Practical	  Action.	  2013.	  February	  2,	  2015	  Practical	  Action.	  “Biomass–	  Technical	  Brief”.	  Practical	  Action.	  2013.	  February	  2,	  2015	  Practical	  Action.	  “Energy	  from	  the	  Wind	  –	  Technical	  Brief.”	  Practical	  Action.	  2013.	  February	  2,	  2015	  Practical	  Action.	  “Micro-­‐Hydro	  Power	  –	  Technical	  Brief”.	  Practical	  Action.	  2013.	  February	  2,	  2015	  Practical	  Action.	  “Poor	  People’s	  Energy	  Outlook	  2013	  –	  Energy	  for	  Community	  Services”.	  Practical	  Action.	  2013.	  February	  2,	  2015,	  p.	  20	  Practical	  Action.	  “Solar	  Photovoltaic	  Energy	  –	  Technical	  Brief.”	  Practical	  Action.	  Practical	  Action.	  2013.	  February	  2,	  2015	  Regional	  Power	  System	  Master	  Plan	  and	  Grid	  Code	  Study”.	  East	  Africa	  Power	  Pool	  
(EAPP)	  and	  East	  African	  Community	  (EAC).	  May	  2011.	  Web.	  2	  Feb.	  2015	  Renewable	  Energy	  Policy	  Network	  for	  the	  21st	  Century.	  “Renewables	  2014	  Global	  Status	  Report”.	  REN21.	  2014.	  March	  3,	  2015	  Scaling	  up	  Renewable	  Energy	  in	  Low	  Income	  Countries	  Program.”	  Climate	  
Investment	  Funds.	  Web.	  1	  March	  2015	  Scaling	  up	  Renewable	  Energy	  Program	  –	  Investment	  Plan	  for	  Ethiopia.”	  Ministry	  of	  
Water	  and	  Energy	  –Ethiopia.	  (2013).	  “Scaling	  up	  Renewable	  Energy	  Program	  –	  Investment	  Plan	  for	  Kenya.”	  Government	  
of	  Kenya.	  (2013).	  Scaling	  up	  Renewable	  Energy	  Program	  –	  Investment	  Plan	  for	  Tanzania.”	  Ministry	  of	  
Energy	  and	  Minerals	  –	  Tanzania.	  (2013).	  
	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  68	  
Simiyu,	  Silas	  M.	  “Status	  of	  Geothermal	  Exploration	  in	  Kenya	  and	  Future	  Plans	  for	  Its	  Development.”	  Geothermal	  Development	  Company	  Ltd.	  2010.	  Web.	  2	  March	  2015.	  “Smart	  Grid.”	  Office	  of	  Electricity	  Delivery	  &	  Energy	  Reliability.	  U.S	  Department	  of	  Energy.	  Web.	  1	  Feb.	  2015	  Szabo,	  S.,	  K.	  Bódis,	  T.	  Huld,	  and	  M.	  Moner-­‐Girona.	  "Energy	  Solutions	  in	  Rural	  Africa:	  Mapping	  Electrification	  Costs	  of	  Distributed	  Solar	  and	  Diesel	  Generation	  versus	  Grid	  Extension.”	  Environmental	  Research	  Letters	  6.3	  (2011):	  034002.	  Web.	  	  Tessama,	  Zereay;	  Davis,	  Marion;	  Tella,	  Patricia	  Vilchis;	  and	  Fiona	  Lambe.	  “Mainstreaming	  Sustainable	  Energy	  Access	  into	  National	  Development	  Planning:	  the	  Case	  of	  Ethiopia.”	  Stockholm	  Environment	  Institute	  (2013):	  1-­‐30.	  Web.	  	  The	  United	  Republic	  of	  Tanzania	  National	  Energy	  Policy.”	  Ministry	  of	  Energy	  and	  
Minerals.	  (2003)	  The	  United	  Republic	  of	  Tanzania	  Rural	  Energy	  Act.”	  Ministry	  of	  Energy	  and	  Minerals.	  (2005)	  United	  Nations	  Economic	  Commission	  for	  Africa.	  “Sustainable	  Development	  Report	  	   on	  Africa:	  Managing	  Land-­‐Based	  Resources	  for	  Sustainable	  Development.”	   UNECA	  (2014):	  1-­‐186.	  Web.	  	  “What	  are	  Rare	  Earths?”	  Rare	  Earth	  Technology	  Alliance.	  Web.	  3	  March	  2015.	  	  Williams,	  A.A	  and	  R.	  Simpson.	  “Pico	  Hydro	  –	  Reducing	  Technical	  Risks	  for	  Rural	  	   Electrification.”	  Renewable	  Energy	  34	  (2009):	  1986-­‐1991.	  Web.	  	  
	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  69	  
World	  Bank	  Energy	  Data	  –	  2013	  Energy	  Access	  (%	  of	  Population)	  	  	   	  	  	  	  
